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Preface 

In planning this course in Applied Mechanical Draw- 
ing for pupils in the first and second years of high school, 
the main purpose has been to establish, wherever possible, 
a close relation between mechanical drawing, mathematics 
and shopwork, omitting the usual abstract problems which 
have no direct application to either subject. Almost with- 
out exception, each problem demands some mathematical 
calculation before the pupil can proceed with the drawing. 

Our experience leads us to believe that it is the better 
plan to present a minimtmi amount of explanatory text in 
connection with a completed drawing of a typical problem 
coming under each topic in the course. This enables the 
pupil to readily comprehend and easily understand the re- 
quirements of the ensuing problems which are given in text 
form. Wherever necessary these problems are accompanied 
by freehand perspective sketches suggesting the object 
which is to be represented by the mechanical drawing. 

The problems in design for shop drawings of wood- 
turning and simple pieces of furniture offer an excellent 
opportunity to relate constructive design in the drawing 
room to the practical work of the shop courses. In this con- 
nection it has been f otmd more practical and productive of 
better results to present a number of suggestive outlines 
which aid the pupil to design and draw the particular piece 
that he plans to construct in the shops. 

Facility in design ought not to be considered the chief 
aim in working out these problems. The important thing 
lies in the development of fundamental ideas in regard to 



the relation between work at the drawing board and work 
in the shop; the awakening of the sense of proportion; sug- 
gesting the fitness of form, size and materials to the require- 
ments of the special problem under consideration. That 
this relation between drawing room and workshop may be 
firmly established and the work successfully accomplished, 
has been practically demonstrated diuing the past two years 
in the school with which the authors are connected. We 
have foimd that the satisfaction and pride that the pupil 
has in successfully designing and executing a piece of work 
that is largely of his own creation, stimulates him to better 
work all through his course in the school. 

To adapt the course to classes in schools which do not 
offer manual training it is necessary only to leave out that 
part relating directly to woodworking drawing. 

Cleveland, Pebruarv, 1911. 
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Introduction: The Drawing Instruments 

Mechanical Drawing is used by those familiar with 
its methods and conventions, as a means of expression 
through a medium of lines, drawn on paper or other suit- 
able material, so arranged that they will convey a clear, 
definite conception df any mechanical and architectiu'al 
construction already existing, or that also which only ex- 
ists in the mind of the inventor, architect, engineer or 
designer. To such men, drawing, and especially mechanical 
drawing, is essential, for through its use they are thus en- 
abled to make graphic representation of their inventive 
ideas, recording them in a way that makes them of perma- 
nent value. From the fact that it is necessary in drawings 
made for such purposes, to obtain a high degree of accuracy 
in representation, much, if not all, of this kind of drawing 
must be executed by the aid of instruments especially 
designed for the purpose; hence the term ^'Mechanical 
Drawing*^ is applied to such drawing. The instruments 
required, which are commonly used in Mechanical Draw- 
ing, are illustrated in Plate I and the following brief de- 
scription explains their use in the order in which they are 
employed in making the drawing plates. 

The T Square. The head of the T square should 
be held firmly against the left-hand edge of the drawing 
board and used by running it up or down along this edge. 
The upper edge of the blade is the working edge, either for 
drawing all horizontal lines or for the triangles to rest 
against. Never use the lower edge of the T square. 
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Thumb Tacks are used to secure the paper to the 
drawing board. Tack the upper left-hand comer first. 
The upper edge of the paper should then be lined up with 
the upper edge of the T square iii order to get the paper 
placed squarely on the board and the lower right-hand 
comer of the paper carefully tacked, keeping the paper 
flat and smooth when tacking the other two comers. If 
the drawing should be removed from the bbard before it is 
finished and then replaced for further work, line up the 
longest horizontal line of the drawing with the T square 
instead of using the upper edge of the paper as when the 
paper was first placed on the board. 

The Drawing Board should be made of clear, straight- 
grained, thoroughly seasoned white pine and it ought to be 
at least three-fourths of an inch thick, the other dimensions 
being about 16'' by 22". 

Pencils should be HH and HHHH. Sharpen the HH 
pencil to a round point on the plain end of the pencil and 
use for making letters, figures, arrowheads and sketches. 
Sharpen the HHHH pencil to a chisel shape point on the 
plain end of the pencil and use for drawing fine straight 
lines with the flat side of the lead against the guiding edge 
of the T square or triangles. 



® 





HHHH 




Figure 1. 



Draw very fine lines but do not press hard enough on 
the pencil to make it cut into the paper. Figure 1 illus- 
trates the proper way of sharpening pencils to the chisel 
shape point. 

Triangles. By using the triangles against the upper 
edge of the T square, lines may be drawn at angles of 30**, 
45®, 60° and 90°, to the horizontal lines made by drawing 
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against the upper edge of the T square. By placing one 
triangle against the other, lines may be drawn at angles 
of 15° and 75° to the horizontal lines. The triangles are 
known as the SO/60 degree triangle and the 4^ degree triangle. 
Also use the edge of the triangles as a guiding edge for ruling 
all other straight lines of the drawing which may be drawn 
at different angles to the horizontal lines than those de- 
scribed. Figure 2 shows the use of the triangles in con- 
nection with the T square. 



Figure 2. 

The Compass is used for drawing circles and arcs of 
circles. It should be adjusted so that the pen or pencil 
points and the needle point are the sa:me length. The 
pencil point may be sharpened to a round point or ground 
on the outside, by using a piece of fine sandpaper, emery 
cloth or file, at an angle of about 30° to the inside. This 
gives a very fine working point. When using the compass, 
hold in the right hand, and for exact placing on the paper 
direct with the left hand. Hold the compass at the top 
and roll the handle between the thumb and the first two 
fingers. The starting position should be such that the en- 
tire circle can be swept with one continuous stroke by 
moving the thumb forward and aroimd without shifting 
the hold on the compass. But little pressure is necessary; 
whatever pressure is necessary apply on the pen or pencil 
points, not on the needle point. The lengthening bar is 
used when drawing arcs and circles of large radn. The 
spring bow divider, bow pencil and bow pen are used for 
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smaller work than can be done conveniently with the larger 
instniments. 

The Dividers are similar to the compass but have 
two sharp steel points. They are used for dividing lines 
into equal parts and transferring distances or measure- 
ments from the scale. They are handled in the same man- 
ner as the compass. 

Scale. The scale is not intended to be used as a ruler 
but simply to take measurements from. For full size draw- 
ings it is usually graduated into inches and the fractional 
parts of an inch, as fine as thirty-seconds and sometimes 
sixty-fourths or hundredths of an inch. The size of an 
object will not always permit of its being represented full 
size and so it becomes necessary to draw it "Aa/f size^^ 
** quarter size,*' etc. — i.e., each half or quarter inch, as the 
case may be, on the drawing represents or equals one inch 
of the object. The scale is usually graduated for this ptir- 
pose into scales of various parts of an inch, each represent- 
ing one inch or one foot, such as \^ equals 1 inch, or 1*" 
equals 1 foot. A statement should always be made on the 
drawing giving the scale to which it is made and all dimen- 
sions must be given as though the drawing were made full 
size. 

Curve Ruler. If a ctu^e, not an arc of a circle, is to 
be drawn, first sketch the outline with a pencil and then 
apply the curve ruler to correct the sketched line. When 
inking, be careful to match as much of the curved line as 
possible with the ruler. When the line seems to leave the 
ruler, stop and match as before; this time being careful 
to have a part of the ruler run back over the portion of the 
line just finished so that the result will be a smooth sweep- 
ing curve. 

Ruling Pen. Hold the pen upright with slight inch- 
nation in the direction of the line to be inked, between 
the thumb and first two fingers and the thumbscrew turned 
away. Steady the hand by resting it on the third and fourth 
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fingers. Never use the niling pen freehand but always 
against a guiding edge, T square or triangle, which should 
be placed so as to come under. the hand holding the pen. 
Place the guiding edge at least a thirty-second of an inch 
away from the line to be inked, for otherwise the ink will 
flow imder the guiding edge and cause an ugly blot. Draw 
from left to right, or from the bottom up. When filling the 
pen, adjust with the thumbscrew so that the points barely 
come together. Hold the pen upright, points down, dip 
the quill into the ink and then insert it between the blades 
of the pen, letting the ink run down into the pen. Care- 
fully remove any ink that may get on the outside of the pen 
and do not fill the pen to more than one-fourth of an inch 
in height. Adjust the pen for the proper width of line and 
try it several times on a scrap piece of paper in order to 
ascertain if the pen is working properly. The ruling pen 
should always be kept very clean, never allowing any ink 
to dry in the pen as this corrodes the blades and spoils 
them for good work. 
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Terms and Definitions Used in Mechanical 

Drawing 

Mechanical Drawing should be considered a language; 
a '* written language of lines" instead of letters, for it is a 
written language which is universal, because the same 
methods of representation are used by draftsmen of all 
nationalities, the only differences appearing in the finished 
drawings being in the notes which are written or lettered 
on the drawing in the language of the country in which 
it is made and in the dimensions given in the units of meas- 
urement used in that particular country. 

Mechanical Drawing is the art of making drawings 
capable of representing all forms of construction as a whole 
or in detail so clearly and completely that workmen familiar 
with such drawings can make the construction exactly as 
it is intended to be made without any further instructions 
than those contained in the drawings themselves. 

All forms of construction may be represented by some 
combination of points^ lines, surfaces and solids, called 
Geometrical Figures, 

Geometry treats of the properties, construction and 
meastirement of geometrical figiu-es; therefore it is the 
basis of all principles involved in the art of Mechanical 
Drawing. 

It is therefore very essential for the pupil doing me- 
chanical drawing to be familiar with the definitions used in 
geometry for the various kinds of lines and the different 
plane and solid figures known as geometrical figures. 
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A straight line is the shortest 
distance between two points; as -45. 

Parallel lines have the same 
direction and are equally distant 
apart; as AB and CD. 

A curved line, or simply, a curve 
is a line no portion of which is 
straight; as AB. 

Parallel curves are everyivhere 
equally distant apart ;asAB and CD. 

A reversed curve is one whose 
direction of ciu^ature changes; as 
EF. 

An angle is the difference in 
direction of two straight lines that 
meet or tend to meet ; as -4 J5 and A C. 
The point of meeting, A, is called 
the vertex and the Unes are called 
the sides. 

An angle is measured by means 
of an arc of a circle described with 
the vertex of the angle as a center, 
and included within or between the 
sides of the angle. 

The circle is defined as that por- 
tion of a plane surface bounded by 
a curve, called the circumference, 
all points of which are equally dis- 
tant from a point within called the 
:enter. 

An arc is any portion of the 
circumference; as AC. The cir- 
cumference of which the arc is a part 
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is divided into 360 equal parts called degrees. The arc 
contains a certain number of these parts, or degrees, and 
the number of degrees indicates the measure of the angle. 

The degree is divided into 60 equal parts called 
minutes and the minute is divided into 60 equal parts 
called seconds. 

Degrees, minutes and seconds are denoted by symbols, 
thus 45 degrees, 17 minutes, 9 seconds is written 4^°-, 
17'-, 9", 

A diameter of a circle is a straight line drawn through 
the center, having its extremities in the circtimference; 
as AOB. 

A radius is a straight line drawn from the center to 
the circumference as OA . 

The length of the circumference is equal to the diameter 
multiplied by 3.1416. This constant is indicated by the 
Greek letter ^ {pi) . 

The area of the circle is equal to the square of the 
diameter multiplied by .7854 ; or — 

The area of a circle is equal to the square of its radius 
multiplied by '^ {pi) . 



An angle as ABC or CBD having 
90 degrees is called a right angle and 
the line CB is perpendicular to AB 
and BD. 





A material body, for example a 
block of wood, occupies a limited 
portion of space. The botmdary 
which separates such a body from 
surrounding space is called the sur- 
face of the body. 
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A siirface has only two dimen- 
sions, length and breadth. A plane 
surface is a perfectly flat surface; 
as ABCD. 

A plane figure is any part of a 
plane surface bounded by straight 
or curved Unes. 

A polygon is a plane figure 
bounded by straight lines only. The 
boundary lines are called sides and 
the sum of the sides or lines extend- 
ing completely aroimd the polygon 
is called the perimeter of the polygon. 

A diagonal is a straight line in 
any polygon connecting vertices 
which are not adjacent. In regular 
polygon^, diagonals are called long 
when they pass through the center, 
and short when they extend between 
parallel sides. 

A regular polygon is one whose sides are all equal in 
length and whose angles are equal in measurement. Regular 
polygons are named from the number of their sides. 




Jlon^Di^ 



Number of sides. 


Name. 


Three 


Equilateral Triangle 


Four 


Quadrilateral y Square 


Five 


Pentagon 


Six 


Hexagon 


Seven 


Heptagon 


Eight 


Octagon 


Nine 


Nonagon 


Ten 


Decagon 


Twelve 


Dodecagon 
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A triangle is a plane figtire bounded by three straight 
lines. One of these lines, usually the one most horizontal, 
is called the base and the other two lines are referred to as 
the sides. The two angles at the ends of the base are said 
to be adjacent to the base and are called the base angles. 
The third angle, which is contained by the sides and is 
opposite the base is called the vertical angle. 

The height or altitude of a triangle is the perpendicular 
distance from the vertex or upper angtilar point, to the base. 

In every triangle, any two sides are together longer than 
the third side and the three angles added together equal 180°, or 
two right angles. 







^3ase 




fqif/'/a^ft^/ /fo^ce/es 
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-- Quadrilateral-' 



Triangles are classified accord- 
ing to the magnitude of their angles 
or the length of their sides. 

An equilateral triangle has all 
three sides equal. 

An isosceles triangle has two of 
its sides equal. 

A scalene triangle has all three 
sides unequal. 

A right-angled triangle has one 
of its angles a right angle. The side 
opposite the right angle is called the 
hypotenuse. 

An obtuse-angled triangle has one 
of its angles greater than a right angle. 

An acute-angled triangle has each 
of its angles less than a right angle. 

A quadrilateral is a portion of a 
plane bounded by four straight lines; 
as ABCD. 
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A paraUelogram is a quadri- 
lateral whose opposite sides are equal. 

A rectangle is a parallelogram 
whose angles are right angles. 

A square is a rectangle whose 
sides are equal. 

A solid is that which has three 
dimensions. 

A polyhedron is a solid bounded 
by polygons. 

A prism is a polyhedron, two 
of whose faces are equal polygons 
lying in parallel planes, having their 
homologous sides parallel, the other 
faces being parallelograms. 

The equal and parallel faces of 
a prism are called the bases and the 
other faces are called the lateral faces. 

A prism is called triangular, 
quadrangular y hexagonal , etc., accord- 
ing as its base is a triangle, quad- 
rilateral, hexagon, etc. 

A right prism is a prism whose 
lateral edges are perpendicular to its 
bases. 

A truncated prism is a portion 
of a prism included between the base 
and a plane not parallel to the base, 
cutting all the lateral edges of the 
prism. 



— ^oro//e/o orom — 



—Ss^mpJe 



S quare - 




-Prism - 
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—Pi /ro/n/c/ -' 




7ri/ncQfec/ /^ra/rri:/ 



A pyramid is a polyhedron 
bounded by a polygon called the 
base and a series of triangles having 
a common vertex. 

The aliiiude is the perpendicular 
distance from the vertex of the 
pyramid to the plane of the base. 

A pyramid is called triangular, 
square, hexagonal, etc., as its base 
is a triangle, square, hexagon, etc. 

A truncated pyramid is a portion 
of a pyramid included between the 
base and a plane cutting all the 
lateral edges. 



All other necessary definitions are given in connection 
with the particular drawing problem in which they may be 
required. 



WORKING DRAWINGS 10 



Working Drawings 



Drawings from which objects are to be constructed 
are called Working Drawings. The making of a working 
drawing may be divided into three parts:— 

1. The Outline Drawings showing the shape of the 
object in its different views and the arrangement of these 
views. 

2. The Dimensions stating the size of every part. 

3. The Lettering: i.e. the printed notes, explana- 
tions, directions and title. 

Drawings are first made in pencil and, if a nimiber of 
copies are desired, instead of inking the original, a tracing 
on thin transt)arent paper, or prepared tracing cloth, is 
made, from which any ntmiber of blueprints may be taken. 

A drawing which shows every part of the object com- 
plete in its proper place is called an Assembled Drawing. 

A separate drawing of each part of an object is called 
a Detail Drawing. 

Drawings may be made to any convenient scale as 
**full size,^' '*half size/^ ** quarter size,*' etc. Shop imits are 
feet and inches and parts of an inch. The fractional scale 
of 8ths, 16ths, 32nds, and 64ths, is generally used although 
the decimal scale of lOths, lOOths and lOOOths is often 
preferred for machine drawings. 
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Lines Used in Mechanical Drawing 

The conventional lines used in mechanical drawing are 
illustrated in Plate II and no further definitions or com- 
ments are required other than those given in that plate. 
Figure 3 on this page illustrates very adequately the appli- 
cation of these conventional lines in the maMng of a working 
drawing. 



0(/f/mes — — — — 

A/Tfed/c/m u^/ghf ///re i/secf for a// u/s/d/e //nes 
ofTfje ofy'ect represe/77^ /n /i^e c/raiA/mt^. 

/f/cfcfe/7 L/ne 

A medium u/e/ght//ne^ofit//e ffi/hner ff?on /ihe 
out/me, of ^/;orfcfoshes'§''/o/7g, used for rep- 
rese^t//?^ a///?/dde/? //hes ofPfe ofyect. 

DJme^s/o/i line < 2^"'- ► 



Ai/erc/ thi/7 iine u//71^ ortvu/'ifeods atf^e exTt&rh 
if/es, used for /nd/cai>hg iihe d/recf/'on of the 
dime/jsio/f and thfs points JbeTi4/een u/ificif ihe 
meo^i/rement n to ibe TTiode, 

Center Line 



A uery /j^in iine used as tAe /inefrom u//ficfi 
tfie pr/ncipoi dimensions are ioid offondin 
u^/cA centers are ioca/^d 

/^/ection Line 

A uerythin iine used for ibrm/not/'on tines ^ or /or 
png/ecP/rg a dimension iine to a position outside 
ofaiAieu/. 7t is a bro/ren iine of desires f^f ion^, 

A medium u^iffift iine indicating tihof^ome^ 
partoftjhe £/ieu/ is ibroiren, either to sAou/ some 
Mdeien/oortorfor ioc/c of/va/n far the u/Aote i^ieu/. 

t/eauc^Line 

Cijed for margin o/ t/n^s or fbr yS/pode //nes £u^e/f 
^Y^^^*^^ ^ cfcce/7t tjhe abearance of 
cer/i7/y7 //nes //7 fAe a(rau^//rff. 

L/m usec/inA^ec/fomcaiLktrum 

Cie^eiofrdTecAnica/ ft/if i? 6c/fodi 
i/an.25J9/0 fEMdfhew^off 

Plate II. 
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The Arrangement of Views 

Drawings are always made on a flat surface or plane 
called the picture-plane. This picture-plane, represented 
by the surface of the drawing paper, is to be considered an 
imaginary, transparent plane, placed vertically in front of 
the observer, through which he is supposed to be looking 
and on the surface of which the picture is represented. 
If the drawing is made in such a way that the representation 
of an object shows it as it actually appears to the observer, 
as in Figure 4, the drawing is called a scenographic or per- 
spective sketch. Such a drawing is worthless as a working 
drawing for the reason that, like a photograph, it does not 
show any of the Hnes of the object in their true lengths, 
nor is it possible to obtain any correct measurements of 
the object from a drawing of this character. 

If there should be interposed between the object and 
the observer, three transparent planes, arranged so that 
they are perpendicular to each other as in Figure 5, and 
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Figure 6. 



Figure 7. 



with lines perpendicular to these planes projected from all 
the different points of the object to the planes, there can be 
produced on each plane the corresponding exact view of 
the object as it may be seen through the plane. A view 
of this kind is called an Orthographic Projection of the object 
on the plane. These planes are known as the Horizontal and 
Vertical planes of projection. The horizontal plane is always 
considered as being parallel with the surface of the earth and 
the vertical plane is always perpendicular to the horizontal 
plane. The front and side views, or elevations, are repre- 
sented on the vertical planes and the top view, or plan, 
is represented on the horizontal plane, as in Figures 6 and 7. 
The vertical plane on which the side or end views are repre- 
sented is usually called the side or profile plane. 

In order to represent these planes on the flat picture- 
plane surface of the drawing paper, it is necessary to re- 
volve them into such a position that their surfaces will 
lie in this one plane. Revolving the planes as illustrated in 
Figiire 8, using the lines which separate the planes, as axes, 
will bring the top view always above the front view and the 
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end or side view at the particular side of the front view that 
may be desired. A bottom view would thus be represented 
below the front view. The actual arrangement of the views 
on the stirface of the drawing paper would be that shown 
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Figure 9. 



in Figure 9. When making working drawings, the lines 
which divide the paper into the different spaces represent- 
ing the interposed planes (which should always be thought 
of as purely imaginary planes), are never represented, so 
that the working drawing of the cylinder illustrated inside 
of the planes in Figure 6, should be made like Figure 1 of 
Plate V. Page 41. 

Projection lines from one view to another are never 
used by draftsmen in making working drawings and the only 
line connecting the different views should be the center line 
of the object represented, from which the measurements 
for the drawing are usually laid off. 
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Sectional Views. 

It is sometimes necessary, in order to show clearly some 
hidden part of an object, to represent a portion of the 
object by a sectional view, made by cutting away a part, or 
entirely through the object at a point which will illustrate 
best that part which cannot be well designated in the dif- 
ferent views. These sectional views are usually designated 
on the drawing as '* Section at a-b'' etc., the letters referring 
to the line drawn through or cutting a certain view at the 
place where it will show most clearly the construction of 
the hidden part. Sectional views are usually cross-hatched 
in order to distinguish them from other parts of the draw- 
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ing. The lines which are used for cross-hatching are called 
section lines and they are usually drawn about one- 
sixteenth of an inch apart at an angle of 45° to the T square. 
Sections through the same part should have the section 
lines running in the same direction. Section lines should 
nm in opposite directions when the section is shown through 
two separate and adjacent parts. Figure 10 illustrates a 
sectional view of an object. Sections may be shown by 
one kind of section-lining and the different materials of 
which the object is to be made indicated on the drawing. 
In many drafting rooms, however, a conventional section- 
lining is adopted for various kinds of material and some of 
these conventional forms are illustrated in Plate III. 
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Dimensioning Working Drawings 

Dimensions. The term ** dimensions'* used in connec- 
tion with a drawing denotes the placing of measurements 
on the drawing in such a position that they will indicate 
the exact points at which the measiu-ements are to be made. 
The term includes the figures, lines and arrowheads as 
indicated in Figure 11. 



< ^ X 




Figure 11. 

The size of every part of an object may be indicated 
by the dimension lines and figures. The dimension lines 
show exactly from what point to what point the measiure- 
ment is to be made. These lines are usually made a fine 
black line although red ink lines are sometimes used. Red 
ink lines on a tracing, print more faintly on blue process 
paper than black ink lines, thus having the effect of making 
the lines of the drawing which have been made with black 
ink stand out clearly with the dimension lines in the back- 
ground. 








Figure 12. 

Termination lines, or extension lines, must always 
•e made perpendicular to the dimension line and should 
xtend a slight distance beyond the dimension line. They 
how between which parts of the object the measurement 
s to be taken. 
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Arrowheads at the end of dimension lines shotdd be 
made very neatly and should look like arrowheads. 
When carelessly made they spoil the appearance of the 
drawing. Figure 13 illustrates the correct and incorrect 
methods of drawing arrowheads. 



Good Bad 






Figure 13. Figure 14. 

Figures used for dimensions should be made very care- 
fully, roimd and full and not cramped or crowded together. 
In printing fractions the line between the numerator and 
the denominator, called the vinculum, should always be 
made paraUel to the dimension lines. The fractions shown 
with the oblique line in Figure 14 might easily be mistakenly 
read eleven-sixteenths or fifteen-sixteenths instead of the 
sizes intended by the draftsman. All figtu*es and arrow- 
heads should be made with black ink on drawings and 
tracings. 

Any dimension less than one foot should be given in 
inches, not as a fractional part of a foot. Any measurement 
less than one inch should be given in fractional form when 
the denominator is 2, 4, 8, 16, 32, or 64 which are the frac- 
tional parts of an inch to be usually foimd on scales in 
common use. Any other fractional measurement should 
be given as a decimal part of an inch. If a dimension is 
given in feet and inches, it should read thus — 2^-6^. 
If a dimension is given in even feet, it should read — 16'-0^\ 
If the dimension is given in feet and a fraction of an inch, 
it should read— i5'-0f ''. 

''Overair dimensions indicate the greatest dimensions 
of an object in any direction and are divided and subdivided 
into such divisions as may be found necessary. (Figtire 15.) 
Great care must be observed to see that the total of all of 
the shorter dimensions of the subdivisions is equal to the 
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longer or overall dimension. Overall dimensions are of 
great importance as they save the workman the necessity 
of footing up or adding together a number of smaller dimen- 
sions when getting out his rough material. 

There should be given just enough dimensions to re- 
move any doubt as to the size of parts or of the whole con- 
struction and they ought not to be repeated in other views 
except when, they will aid in making the drawing easier to 
understand. 

A dimension should be so placed on the drawing that 
it will not interfere with the drawing or be confused 




Figure 16. 

?7ith any other dimensions. The space dimensioned should 
oe so chosen as to avoid any necessity for addition or sub- 
traction by the workman in executing the work. 

Drawings are usually made to scale; but if scale and 
iimensions do not agree, the dimensions are always asstuned 
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to be correct. In many shops, worknien are never allowed 
to measure a drawing but must use only the dimensions 
given on the drawing. This is necessary owing to the tmi- 
versal use of blueprints, which shrink considerably in the 
process of washing and drying, thus making them differ 
quite a little in size from the original tracing from which 
they are made. Therefore it is very important that all 
dimensions be carefully placed and checked before the 
drawing is blueprinted and sent to the shop. 

For all linear measurements, the dimension lines must 
be made perpendicular to the parallel lines or surfaces be- 
tween which the measurement is taken. (Figtire 16.) 
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Figure 17. 

For angular measurements the dimension lines must be 
arcs described with the vertex of the angle as a center, 
(a and &, Figure 17.) For dimensioning the radius of an arc 
of a circle, the dimension line is to be drawn from the center 
from which the arc was described, {c and d, Figure 17.) 

For diameters of circles the dimension line must be a 
diameter other than the horizontal or vertical diameters 
of the circle or the center line drawn through the circle, 
(a. Figure 18.) The dimension line may also be drawn 
parallel with a diameter of the circle and perpendicular to 
parallel tangents drawn at the extremities of the diameter 
used for this purpose. (6 and c, Figure 18.) Dimension 
lines should not be closer than one-fourth of an inch to any 
line of the object or other dimension lines, and should not 
cross each other when it can be avoided. Whenever pos- 
sible, dimensions should be placed outside of the lines of the 
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Figure 18. 

object. Figures 19 and 20 illustrate the methods employed 
in placing dimension lines where conditions do not always 
allow the foregoing directions for placing dimensions to be 
applied. 
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Figure 19. 



Finish. When a part of the object is to be finished, 
a small "/" is printed on the line representing the surface 
to be finished. When a special kind of finish is desired a 
lote stating the character of the finish should be printed 
idjacent to the surface requiring such finish. When the 
)iece is to be finished all over, it should be stated on the 
drawing thus: **/ all over^ Place cross bar of "/" on the 
ine to be finished as in '*e," Figure 20. 
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Figure 20. 

Suggestions to, follow when making working drawings: 

If one view shows a larger portion of -the object in its 
true shape and size than any other view, start that view first. 

Lay out all center lines of views before drawing any 
outline of the object. Estimate the space required for each 
view, allowing space enough for dimension lines between 
the views and build up each view about its center lines. 
Project measurements from one view to another to save 
work with the scale. It is often impossible to complete 
one view at a time. In many cases it is necessary to carry 
two or more views along simultaneously, drawing main 
outlines first — details last. 

Be sure that important measurements to center lines, 
etc., are correct before putting in dimensions of smaller 
details depending upon them. If a dimension is altered, 
change at once all other dimensions relating or depending 
upon it to agree with the changed dimension. 

Place all dimensions on the drawing before doing any 
section-lining. Section-lines should not be drawn parallel 
to any line of the object. 

Order of inking. Marginal lines^ arcs of circles^ irregular 
curves^ straight lines of the object, center lines, dimension lines, 
dimensions, section lines, notes, title. 
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The Blueprint If an original drawing is used in the 
shop it is liable to become soiled, mislaid and perhaps 
destroyed, thus leaving no permanent record of the con- 
struction for future reference, which in most instances is 
necessary, especially in manufacturing establishments. To 
make duplicate drawings would be expensive and errors 
might occur in copying the original drawing. The simplest 
and most effective method of accurately duplicating draw- 
ings is by the ** blueprint process.*^ Blueprint paper is a 
white paper coated with a solution which is sensitive to 
light. If protected from light the coating may be easily 
removed by soaking the paper in water, but if exposed to 
light, the coating turns a bluish gray color, which, when 
placed in water, turns a blue color, insoluble in water. 

For blueprinting, a wooden frame set with glass, and 
having a removable back with a felt pad is required. A 
tracing from the original drawing should be made on trans- 
parent paper or cloth. This tracing is placed in the frame 
with the ink lines toward the glass. The prepared paper is 
then placed witli the sensitized surface next to the tracing, 
followed by the felt pad and the back of the frame which is 
fastened in place making a close smooth contact between 
paper, tracing and glass. The glass side of the frame is then 
placed in direct sunlight if possible, which passing through 
that part of the tracing not covered with iiik lines, acts on 
the sensitized surface of the paper, but does not effect the 
part protected by the lines. After an exposure varjdng, 
according to the light and sensitiveness of the coating, the 
print is taken from the frame and thoroughly washed in 
running water which removes the superfluous sensitizing 
solution, leaving white lines on a blue ground. After wash- 
ing, hang the print up to dry. As many prints may be made 
as required and the tracing preserved for future use. If the 
printing time has been too short the ground washes out to a 
pale blue color making a weak contrast to the lines. If ex- 
posed too long, the light may work through the lines of the 
tracing and in the print the lines will wash out a pale blue on 
a ground too dark or gray in color. 



LETTERING 35 



Lettering. 

It is very necessary that draftsmen should be able to do 
freehand lettering qiiickly and neatly. Drawings usually 
have a title and also contain necessary notes and figures. 
Poor lettering detracts from the appearance of what other- 
wise might be an excellent piece of work. A simple letter 
that can be executed easily and which is admirably suitable 
for mechanical drawing is illustrated on the opposite page. 
(Plate IV.) This style of letter is an inclined Gothic and 
it is very similar to the system of lettering known as the 
Reinhardt Alphabet. The capital letters, or "upper case" 
are three-sixteenths of an inch high and the general slope 
is from 60° to 75®. All the small letters are made up of 
parts of the eUipse and a straight Hne drawn tangent to 
the ellipse. The small letters, or "lower case," are two- 
thirds the height of the capitals, the ascending letters being 
made the height of the capitals and the descending letters 
extending the same distance below. Always draw very 
light pencil guide lines for the height of the letters. These 
Imes will insure uniformity of height and also aid materially 
in forming and spacing the letters. All lettering should 
be done freehand and first outlined in pencil, having the 
pencil sharpened to a fine rotmd point. Special attention 
should be given to practicing the making of the strokes of 
which the letters are composed and to the making of the 
figures, having them round and full-bodied. For inking 
use a writing pen with very little ink, taking great care not 
to press hard enough on the pen to spread the points. Take 
special care to keep the slope of the letters tiniform. Let 
the result be clean cut, well formed, properly spaced letters. 

Drawing Plates. 

AU exercises and problems in this book are planned for 
two different sizes of drawing paper which are designated as 
A and B drawing plates. 

The a Plate is intended to be used in connection with 
the loose leaf note book having pages 8"Xl0i'^, for all draw- 
ings of woodtuming exercises and other small drawings made 
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Figure 21-A 



for the shops. The layout for this plate is given in Figure 
21-A. The size of the paper is 8x11", which allows space 
for a narrow cutting strip at both the top and bottom of the 
plate. The left-hand margin is made 1 " wide to allow space 
for pimching holes to fit the note book. The top and lower 
margins are each f " wide and the right-hand margin is i*' 
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Figure 21-B 



wide. A space l^'^ wide above the lower margin is reserved 
for the title, and the arrangement and spacing of the lettering 
of the title is illustrated in Figure 22. The space inside the 
margins is called the working space of the plate. 

The B Plate is intended for drawings requiring a larger 
working space than that afforded in the A plate and imless 
otherwise stated all problems preceding page 103 are to be 
worked out on this size plate. The layout for this plate is 
given in Figtire 21-B. The size of the paper is 11 "X 15'' 
which allows space for the cutting strip at each end of the 
plate. The left-hand margin is to be IJ" wide and the other 
three margins are each 1" wide, leaving a working space of 
9''X12''. The space allowed for title is WxdV and this 
space should always be placed in the lower right-hand 
comer of the plate if possible. If necessary it may be 
placed in the upper right-hand corner of the plate. 
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Figure 23. 
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Geometrical Construction of Plane Figures and 

Type Solids with their Practical Application 

IN Problems for Working Drawings 

The Cylinder. A cylinder is a round body of uniform 
diameter which is botmded by a cylindrical surface and 
two parallel circular planes called the bases. A right circular 
cylinder may be generated by the revolution of a rectangle 
(abed, Figure 24) about one of its sides, ab, as an axis. 




Figure 24. 



Figure 25. 



Drawing Problem 1. Make a working drawing of two 
views of a cylinder which is 2Y diameter, ZY high, and 
also lay out a pattern for the surface of the cylinder. (Plate 
V, Figures 1 and 2.) 

If the cylinder is placed inside of the transparent 
planes in a vertical position as in Figure 6, Page 23, it will 
be noted that the front and side views are exactly alike when 
projected from the cylinder to the planes. If the cylinder 
is placed in a horizontal position (Figure 7), then the front 
and top views are alike in both representation and dimen- 
sions. For this reason, when representing cylindrical forms, 
it is not necessary to draw more than two views, one of 
which shall be the circle representing the base of the cylinder. 
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It is even permissible to omit the circle if the word diameter , 
or its abbreviation, dia., is included in the dimension stating 
the size of the cylinder in this respect. When making this 
drawing, locate the center lines and then draw the circle 
representing the base or end of the cylinder; From each 
end of the horizontal diameter of this circle may be pro- 
jected lines for the front view and that view completed 
by drawing the horizontal lines, at the proper distance 
apart, which represent the edges of the bases as they would 
appear in this view. 

If the cylinder should be laid down on its curved sur- 
face and rolled along, or over, a flat plane as in Figure 25, 
starting with the point a on the cylinder tangent to the 
point a of the plane, the distance roUed off on the plane by 
one revolution of the cylinder would be equal to the length 
of the circtimference of the circle forming the base of the 
cylinder. If a rectangular piece of paper with the length 
a-a' equal to the circumference of the base, and the 
width a-b equal to the height of the cylinder, should be 
rolled or curved until the edges a-b and a'-6' meet, the re- 
sult would be a hollow cylindrical form. The rectangular 
piece is a pattern of the siirf ace of the cylinder and is known 
as a developed surface. Its area would be its length mul- 
tiplied by its width. The number of cubic inches contained 
in a cylinder is found by multiplying the area of the base 
by the height. 

Draw the top and front views, the development of the sur- 
face, and place all necessary dimensions. 



Examples. 1. How many cylinders, without ends, 
of the size called for in the foregoing problem, could be made 
from a sheet of XXX tin, 16" by 22"? 

2. If this cylinder were made solid of cast-iron weighing 
450 lbs. per cubic foot, what would it cost at 3i cents pei? 
pound? 
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Figure 26. 



Drawing Problem 2. (a) Make a drawing of a circular 
ring, Figure 26. The outside diameter is 4*^ and a piece 
broken out shows that the section is I*' square. What is 
the inside diameter of the ring? (Figure 3, Plate IV.) 

(b) Make a drawing of a similar ring having a circular 
section I*' in diameter. (Figure 4, Plate IV.) 

Example. Calculate the weight of each ring if made 
of cast-iron. 



Drawing Problem 3. Make top and front views of 
any one of the cylindrical forms illustrated in Figure 27. 
In each of these forms the largest diameter is 2*^ and the 
smallest diameter is IJ"'. The overall length is 4^*'. The 
length of b is divided into three equal parts. In c, the length 
of the smaller middle part is four times the length of the 
larger part at each end. In d, the length of the smaller part 
and the depth of the hole are each one-third the entire 
length of the cylindrical form. 

Example. Calculate the weight of each if made of 
cast-iron. 
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Figure 27. 

The Square. PLATE VI. The Square is a plane figure 
having four straight sides equal in length and all included 
angles right angles. 

The Area (a) of the square is obtained by midtiplying 
the length by the breadth. As these are eqmil, this there- 
fore amounts to squaring the length of the side {s). 
Formula: a=s* 

The Diagonal (d) of the square is equal in length to 
the square root of two times the square of the side. 
Formula: d=^SXs*: ot d=s-i~2 

The length of the side of a square may be determined 
by fin di n g the square root of the area. 
Formula: s='^a 
When only the length of the diagonal is known, the 
length of the side may be determined by finding the square 
root of one-half of the square of the diagonal. 
Formula; 5«Vd*; or dV2 
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Geometrical Construction of the Square 

Figure 1. When the length of the side ab is given. 
With a as center and any radius, as al, draw arc from 1 
over a. With 1 as center draw arc a2. With 2 as center 
draw arc from a over 2. Draw Hne l-S passing through 2. 
Draw ac perpendicular to db passing through S. With a 
as center draw arc be. With b and c as centers, with radius 
a&, draw arcs intersecting at d. Draw cd and bd. 

Figure 2. When the length of the diagonal, ab is 
given. With any radius greater than one-half the length 
of abj and a and b as centers, draw arcs intersecting at 1 
and 2. Draw bisecting line through 1 and 2 giving 3 on 
ab. With S as center and radius 3b draw circle cutting 
bisector at c and d. Draw a^b and adb. Figures 3, 4, 5, and 
6 show various methods of constructing the square in differ- 
ent positions, using the T square and triangles. 

Examples. 1. On any line not parallel with the T 
square, construct geometrically a square having an area 
of 6.25 square inches. (Figure 1.) 

2. On any diagonal not parallel with' the T square, 
construct geometrically a square with sides 2Y long. 
(Figure 2.) 

Using T square and triangles construct : — 

3. A square with a diagonal 2|" long at 45° to the 
T square. (Figure 3.) 

4. A square having an area of three-fourths of the 
square in Example 3, and its sides at 45° to the T square. 
(Figure 4.) 

5. Two squares as in Figure 5. The area of the inner 
square is 2Y which is one-fourth the area of the outside 
square. The lower sides of the squares are at 15° to the T 
square. 

6. Two squares as in Figure 6. The side ab of the 
outer square is equal to the diagonal a'c' of the inner square. 
The area of the inner square is 1.5625". What is the area 
of the outer square? 
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The Cube. PLATE VII. The Cube is a right rectangu- 
lar prism whose faces, six in number, are all squares. 

The cubic contents of the cube are foimd by multi- 
plying the area of the base by the height, or, because all 
dimensions of a cube are equal, by determining the third 
power of the one dimension {s). 

Formula : Cubical contents = s^; or 

{length Xbreadth Xheight) 

Figure 1 is a perspective sketch of the cube, and if 
placed as the cylinder in Figure 6, Page 23, its three views 
would appear on the planes all exactly alike. A working 
drawing showing but two views as in Figure 2 is all that is 
necessary to adequately represent the cube. As the six 
faces of the cube are exactly alike, its developed surface 
would contain the area of the six faces as in Figure 3. 

Drawing Problem 4. Make working drawing and 
develop surface of a cube which contains 8 cubic inches. 
How many square inches in the developed surface of the 
cube? 




Figure 28. 

The Rectangle. The Rectangle is a plane figure hav- 
ing four sides, with opposite sides equal in length and all 
ncluded angles, right angles. 

The area of the rectangle is equal to its length multi- 
)lied by its breadth. 

The length of the diagonal (cb) may be obtained by 
inding the square root of the sum of the squares of the two 
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dimensions of the rectangle. Referring to the drawing 
(Figure 28) the 

Formula is : c& = ^(aby+{acy 

Geometric Construction of the Rectangle. (Fig- 
ure 28.) When the lengths of the two sides ab and ac are 
given and base of rectangle is to be at an angle to the T 
square. Erect a perpendicular at a as in Figure 1, Plate VI, 
and with radius ac, cut Une at c from a as center. With 
same radius draw arc above b and with radius ab, center 
at c draw intersecting arc at d. Draw cd and bd. 

The Rectangular Prism. PLATE VII. A right Rec- 
tangular Prism is a prism whose faces, six in number, are 
all rectangles and all opposite faces are equal. 

Drawing Problem 5. Make working drawing of three 
views and develop surface of a rectangular prism shown 
in Figure 4 whose proportions of length, breadth and thick- 
ness are 4, 3, and 1. The thickness is f ^. 

Examples. 1. What is the number of cubic inches 
in this prism? 

2. What would it weigh if made solid of lead which 
weighs 709.4 lbs. per cubic foot? 

3. How many square inches in its developed surface? 





Figure 29. 



Figure 30. 



RECTANGULAR PRISM 
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Drawing Problems. Make working drawings of three 
views each of — 

6. A rectangular block (Figure 29), 6i*'x5i''Xli^ 
with hole 3*^ diameter through block. Calculate the weight 
if made of brass weighing 523.4 lbs. per cubic foot. 

7. A rectangular block (Figure 30), 6i''x5i*'x2i^ 
with hole 4i''Xli"» making a shell f*' thick. Calculate 
weight if made of either cast-iron or brass. 





Figure 31. 



Figure 32. 



8. A rectangular block of same dimensions as Prob- 
lem 6 but with the comers cut out as in Figure 31. The 
space cut out is i^Xli" at each comer. Calculate ntmiber 
of cubic inches in block. 

9. A rectangular block of same dimensions as Problem 
7 but with grooves \'^ deep by 3^*" wide in the largest faces 
and i*' deep by If wide in the narrow faces, all located 
in the center of the faces as in Figure 32. Calculate the 
number of cubic inches in this block. 
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The Equilateral Triangle and Equilateral Triangular Prism. 
Plate VIII. The Equilateral Triangle is a triangle having 
three equal sides and three equal included angles of 60® 
each. 

Its geonaetrical construction is shown in Figure 1. 
With the length of the given side aft as a radius and a and b 
as centers, draw arcs intersecting at c. Draw ac and be. 

Its construction with triangles and T square is indi- 
cated in Figure 2. 



The altitude is determined by 
dropping a line from the vertex c 
perpendicular to the base ab. (Fig- 
ure 33.) This makes the line ac the 
hypotenuse of the right-angled tri- 
angle adc and the length dc is equal 
to the square root of the difference 
between the squares of ac and ad. 







Figure 33. 



The Formtda is: cd= <{acy-{adY 



or 



The altitude of an equilateral triangle is equal to one- 
half the product of the side times the square root of 3. 
V3 = 1.732 



Formula : altitude =s^S 

2 



The area (a) of an equilateral triangle is equal to one- 
bialf of the product of the base (6) multiplied by the altitude 
(A). 

Formula: a=bxh 

~2~ 
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Figure 34. 

An Equilateral Triangular Prism is one whose bases 
are parallel equilateral triangles and whose three lateral 
faces are rectangles. 

Its cubical contents are found by multiplying the area 
of its base by the length or height. 

Drawing Problem 10. Make a working drawing of 
three views and develop the surface of an equilateral tri- 
angular prism (Figure 34) with bases which measure 2*^ 
on each side, the length of the prism being 4^*". 

Examples. 1. What is the surface area of this prism? 

2. What is the altitude of the triangular 
end? 

3. How many, cubic inches in the prism? 





Figure 35. 



Figure 36. 
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Drawing Problems 11. Make a working drawing 
of three views of the hollow prism shown in Figure 35. 
One of the outside rectangular faces measures 71*^ X S'^. 
The shell is i*' thick. Calculate the weight if made of 
aluminum weighing 159.6 lbs. per cubic foot. 

12. Make a working drawing of the V block, Figure 36. 
The outside dimensions of the block are 6i^X4i^X3i''. 
The V grooves are equilateral triangles, the side of the V 
cut in the larger faces being 1^" and in the smaller faces 
If*'. Calculate the number of cubic inches in the block. 




Figure 37. 



13. Make a drawing of the block shown in Figure 37. 
A line drawn making the shortest diagonal would show that 
the outline of the upper face wotdd equal two equilateral 
triangles. The greatest length is 7^*^. The thickness is 
li". The diameter of the hole through the block is 1^". 
The comers of the upper face are chamfered at an angle 
of 45°. Calculate number of cubic inches in block. 



THE HEXAGON dd 



The Hexagon and Hexagonal Prism. Plate IX. The 
Hexagon is a plane figure having six sides equal in length 
and six equal included angles of 120° each. 

Geometrical Constructions. 

Figure 1. When the length of the diagonal db, or the 
diameter of a circumscribing circle, is given. 

Draw the circle with the middle point o as a center and 
radius equal to one-half the length of the line. Then from 
both a and b as centers and same radius, draw arcs, giving 
cd and ef on the circle. Connect ac, ce, eb, bf, fd, and da. 

Figure 2. When the distance between parallel sides, 
or the diameter of the inscribed circle, is given. 

Draw any diameter as 1-2 and the bisector S-4 giving o. 
With S and 4 as centers and radius S-o draw arcs giving 
5, 6, 7, and 8. Draw line ^-5 giving 9 on 0-2. With 9 as 
center and radius 9-5 draw arc giving a on line 1-2. With o 
as center and radius oa draw circle through a giving d on 
line 1-2. With both a and d as centers and radius oo draw 
arcs cutting outside circle at 6, /, c, and e. Draw straight 
lines a56, bSc, c6d, die, eJ^j, and /5a. 

Figure 3. When the length of one side, ab, is given. 

With a and b as centers and ob as radius, draw arcs 
intersecting at o. With o as center and same radius, draw 
circle through a and b giving c and d. With c and d as cen- 
ters and same radius draw arcs aoe and boj. Connect bd, 
df, fe, eCj and ca. 

Figures 4, 5, 6, and 7 illustrate methods of constructing 
the hexagon by using the T square and 30^/60° triangle 
in connection with the circle. 

The Area of any plane figure may be found by dividing it 
into triangles, quadrilaterals, circles or parts of circles, finding 
the area of each part separately and adding these results: 

The Area of the hexagon may be determined by draw- 
ing the diagonals as in Figiure 4, obtaining six equilateral 
triangles. The area of the hexagon will be six times the area 
of one triangle. 



56 APPLIED MECHANICAL DRAWING 




Figure 38. 

A Hexi^onal Prism is one whose bases are parallel 
equal hexagons and whose other six lateral faces are rec- 
tangles. Its cubic contents may be found by multiplying 
the area of its base by its height. Figures 6 and 9 are the 
top and front views of a hexagonal prism when two lateral 
faces are parallel to the vertical plane and Figures 7 and 10 
are the top and front views when two lateral faces are 
perpendicular to the vertical plane. Figure 8 represents 
the developed surface of the prism. 

Drawing Problems. GEOMETRICAL CONSTRUCTION. 

14. On a given diagonal, 21*' long, construct a hexagon. 

15. Circumscribe a hexagon about a circle which is 
2y diameter. 

16. On a given side, li'' long, construct a hexagon. 

With T square and triangle construct 

17. A hexagon which measures 1^*^ between parallel 
sides. 

18. A hexagon which measiu-es If*' across comers. 

19. Make a working drawing of three views and 
develop the stuf ace of a hexagonal prism which measures 
1^*^ across comers and 2^" long. Develop surface and 
calculate entire area of the surface of prism. 



aax 



■aaaai 
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20. Make a working drawing showing three views 
of the nut shown in Figure 39. It is 4|'' between parallel 
sides and If*' thick. The hole through the nut is Sf*' 
diameter. Calculate the weight if made of brass weighing 
523.4 lbs. per cubic foot. 

21. Make a working drawing showing three views 
of the sleeve shown in Figtu-e 40. The hexagonal part is 
one-third the length of the sleeve, the total length of the 
sleeve being twice the diameter of the round part, the di- 
ameter of which is twice the diameter of the hole through 
the sleeve. The distance between the parallel sides of the 
hexagonal part is Sf*', which is two and one-fourth times 
the diameter of the hole through the sleeve. What will 
this sleeve weigh if made of brass? 





Figure 39. 



Figure 40. 



58 APPLIED MECHANICAL DRAWING 



Notes on Projection of Lines 



It is often necessary when making a mechanical draw- 
ing of some particular construction, to represent an object, 
or a part of an object, by lines which are not parallel with 
either the horizontal or vertical planes. When a line is 
not parallel with a plane its view on that plane can not be 
represented at its full length as it would appear more or less 
foreshortened, depending on the angle that the line actually 
makes with the plane. 

It is therefore evident that the art of mechanical draw- 
ing must include a method of correctly representing such 
lines and also of determining their exact measurements and 
location in space. These methods are to be found involved 
in the principles of Orthographic Projection Drawing, which 
is the science and art of producing drawings which shall 
represent completely all facts concerning the position, 
form and magnitude of all geometric quantities in space. 

Only those principles of this science which relate 
directly to the measurement of lines and their representa- 
tion on the horizontal and vertical planes, are to be con- 
sidered at this time. Further application of the principles 
of Orthographic Projection may be found in the study of 
Descriptive Geometry of which science these principles are 
the basis. 

The Planes. When two planes, known as the Hori- 
zontal (H) plane and the Vertical (V) plane, intersect 
at right angles as in Figure 41, they form four right angles 
which are called respectively the first, second, third and 
fourth angles of projection. The dividing line at the inter- 
section of the planes is called the ground line. 



PROJECTION OF LINES 



2nd-^/ig/e 



/\ /sT-Aigle 




5c/^/y/p 



^m/lnSle 



Figure 41. 



A point, line, surface or solid is said to be in the 
First Angle, when located above H and in front of V, 
Second Angle, when located above H and behind V, 
Third Angle, when located below H and behind V, 
Fourth Angle, when located below H and in front of V, 

These positions are all indicated in Figure 41. 

The third angle is the one commonly used by draftsmen 
for it afEords the best arrangement of views or projections 
and this angle is represented by interposing the planes as 
in Figure 5, Page 22. 
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Views. The projections of an object on H and V are 
called, respectively, the Horizontal and Vertical projections^ 
or Plan and Elevation, or Top view and Front view. Of these 
three pairs of terms. Top view and Front view are to be 
preferred. They are more definite and are more consistent 
with Bottom view. Side view, or Rear view, terms commonly 
used in regard to working drawings when the corresponding 
views of the object are represented. As the projection lines 
which determine any one view of an object on the plane are 
perpendicular to the plane, they must always be represented 
by parallel lines. 

The Drawing. To represent the planes of projection, 
a horizontal line is drawn to represent the ground line. 
That portion of the paper above the line represents the 
H plane and that portion below the line represents the 
V plane as in Figure 42. 

Note carefully that the H plane is to be always con- 
sidered first as being at right angles to the V plane and lying 
behind the ground line, then being revolved about the 
groimd line as an axis, into a position above the vertical 
plane, for convenience in making the drawing of two views 
of the object on the flat plane of the drawing paper. There- 
fore the relative position of the different views, or projec- 
tions, with respect to the grotmd line and to each other, 
must be the same as they would appear if the drawing paper 
were folded at the ground line and placed above and in 
front of the object. 
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Figure 42. 

Principles of Projection. 

1. A Point in Space. (Figure 42.) 

(a) Every point has two views, one on H and one on 
V, by which its position in space is determined. 

(b) A point and its two views lie in the same plane per- 
pendicular to both H and F, — ^i.e., a plane passed through 
the two projection lines. (As the plane a, a*, a'^, and x, 
Figure 42.) 

(c) The top view of a point is as far behind the groimd 
line as the point itself is behind V. The front view of a 
point is as far below the ground line as the point itself is 
below H. 

(d) When a point lies in either plane, one of its views 
coincides with the point itself, the other view being in the 
ground Une. 

In the drawing 

(e) A point may be represented by its two views, neither 
of which is the point itself. 

(f) The two views of a point always lie in the same 
straight line at right angles to the ground line. 
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Figure 43. 

2. A Line in Space. Straight lines perpendicular to 
either H or V. (Figure 43.) 

(a) A line perpendicular to either plane of projection 
has for its view on that plane simply a point. 




n 





Figure 44. 
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(b) A line perpendicular to either plane, has for its 
view on the other plane, a straight line perpendicular to 
the ground line and equal in length to the line in space of 
which it is the projection. 

Straight lines parallel with one plane but at an angle to 
the other. (Figure 44.) 

(c) When a line is parallel with either plane, its view 
on that plane is equal to the true length of the line in space 
of which it is the projection; the angle which this view 
makes with the ground line is equal to the angle which the 
line in space makes with the plane with which it is not 
parallel. 

(d) A line parallel with either plane of projection has 
for its view on the other plane a line parallel with the ground 
line. 

(e) When a line is not parallel with a plane its view 
on that plane is always shorter than the. true length of the 
line in space. 





Figure 45. 

Straight lines parallel with both planes. (Figure 45.) 

A line parallel with both planes has for its two views, 
nes parallel with the ground line, both of which are equal 
L length to the line itself. 
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Figure 46. 

Straight lines parallel with neither plane. (Figure 46.) 

If a line is paraUel with neither plane, both views are 
shorter than the line in space. The angles which the line 
makes to the planes are not represented in their true size 
by the angles which the views make to the grotmd line. 
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Figure 47. 
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Figure 48. 

The apparent projection of a line is its appearance on 
either plane of projection. 

By careful consideration of the foregoing principles 
it becomes evident that it is impossible to obtain the exact 
length and position of such a line in space as that repre- 
sented by the two views in II of Figure 46, from these views 
as they appear on the planes, but that it is possible to meas- 
ure a line on the planes if one of the views shows that the 
line is parallel with one of the planes. For instance, if the 
line ab is revolved about a as a center until its top view 
becomes parallel with the ground line as a'', h\ then its 
view on V will represent the exact length of the line accord- 
ing to principle "d" on page 63. This operation is illus- 
trated in / of Figure 47 and the method of obtaining this 
esult in the drawing is illustrated at // of the same figure. 
'igure 48 demonstrates the necessity for this operation 
n determining the length of the line ob of the square pyra- 
aid, for in neither view is the line shown parallel with the 
)lane on which it is represented. 
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Problems involving the representation of the apparent 
location of lines in space. 

1. Represent 

(a) A line If" long, perpendicular to Hy^*' from 

F, top end i" below H. 

(b) A line li" long, perpendicular to F, f " from 

H, nearest end i" behind V. 

(c) A line 1^" long, parallel with both H and 

Vy and 1 " from both planes. 

(d) A line If" long, parallel with F, slanting 

downward to the right at 30° to Hy J*' 
behind F and the top end i" below H. 

(e) A line li" long, parallel with Hy slanting 

back toward the right at 60° from F, 
nearest end is V from F and the line is 
1" below i?. 

2. Represent the apparent projection in F of a line 
which is 2" long placed at 45° to H and whose top view 
shows that it makes an angle of 45° with F. Its top end is 
i" from both H and F. The line slants downward and 
backward to the right. 

3. A line appears 2i" long at apparent angles of 45° 
to both H and F. Its top end is J'' below H and 2" behind 
F. The line slants downward and forward to the right. 
Determine its true length and exact angles that the line 
makes with both H and F. 

4. A line slanting downward, forward, and to the left 
appears to be 2i" long at 60° to H. Its top view appears 
at 45° to F. The top end is i" below H and W behind F. 
Determine the true length and actual position of the line 
in space. 

5. A side view or profile projection of a line shows 
it placed at 60° to H and 30° to F. The line is If" long and 
its top end is J" from H and 1^" from F. The line slants 
down toward F, and is 1" behind the profile plane. Make 
the H and F projections of the line. 
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Draw H and V projections, 

6. (a) Of a card, 2Y square, surface perpendicular to 
Hy parallel with and Y behind V. The top edge is If" 
below H, 

(b) Of the same card with the front face turned toward 
the right at 45° to V. 

(c) Of the same card when besides being turned at 45° 
to V the edges which were parallel with H make an ap- 
parent angle of 45° to H in the front view. The card is 
tipped toward the right. 

7. (a) Of an equilateral triangular card, sides 2j" 
long, surface parallel with H and front edge parallel with 
V. The card is 1|" below H and the front edge is Y 
behind V. 

(b) Of the same card when its front edge slants down 
to the right at 30° to H. 

(c) Of the same card when its front edge besides slant- 
ing down to the right at 30° to H is turned back toward the 
right in the top view at 45° to V. 

8. (a) Of a cube with faces 2" square, having its top 
front edge parallel with both H and F, IJ" below H and 
r behind V. 

(b) Of the same cube with its front face parallel with 
V and its top face at 30° to H. Cube tipped over toward 
the right. 

(c) Of the same cube when besides having its top face 
at 30° to Hy has its front face turned back toward the left 
at 30° to V. 
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Figure 49. 



Figure 50. 



The Square Pyramid. Plate X. 

Drawing Problem 22. Make top and front views of a 
pyramid (Figtire 49) having a base 2^'^ square and an alti- 
tude of 3i". Develop surface and calculate surface area of 
the pyramid. 

If a square pyramid should be laid down on one of its 
triangular faces, and the outline of that face traced; the 
pyramid then rolled over, using one of its slant edges as an 
axis, and the adjacent face traced; continuing the operation 
tmtil all the faces were traced ; the restdt would be the sur- 
face layout or development of the triangular faces of the 
pyramid, as illustrated in Figure 50. The points, a, 6, c, d, a, 
of this development are all equidistant from the point o. 
An arc with (? as a center and (?a as a radius would pass 
through each point. To develop the surface of a pyramid, 
draw an arc using the exact length of one of the slant edges of 
the pyramid as a radius. This exact length may be foimd 
by projection as illustrated in Figure 48 or it may be cal- 
culated by determining the length of the hypotenuse of the 
right-angled triangle which has for the length of one of its 
two sides the altitude of the pyramid, and for the other side 
one half the length of the diagonal of the base. 

The surface area of any regular pyramid is equal to the 
area of the base plus the area of all of the triangiddr faces. It 



may be determined by multiplying the perimeter of the base 
by one-half the slant height and adding the area of the base. 

The slant height is the length of a line drawn perpen- 
dicular to the side of the base from the vertex of the pyramid. 

The volume of a pyramid is equal to the area of the base 
multiplied by one-third of the altitude. 




Figure 51. Figure 52. 

The Cone. A circular cone is a round body whose base 
is a circle and whose convex surface tapers uniformly to a 
point called the vertex. A right circular cone is a circular 
cone having its axis perpendicular to its base and this cone 
may be generated by the revolution of a right-angled triangle 
about one of its sides as an axis. (Figure 51.) 

Drawing Problem 23. Make top and front views of a 
cone having a base Si" diameter, and an altitude of SJ". 
Develop surface and calculate surface area of the cone. 

For convenience in developing the surface a number of 
working lines called elements may be drawn from the vertex 
^f the cone to the base. These are usually spaced equidis- 
ant as shown in the top view of the cone Plate X, 
Jy drawing an arc with a radius equal to the exact slant 
leight of the cone and spacing off on this arc the same number 
)f ^visions equal in length to those on the drcumfereuce of 
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the base, the surface development of the cone may be laid 
out. This operation is suggested in Figure 52 and repre- 
sented in Figure 4 of Plate X. 

The surface area of the right circular cone is equal to the 
lateral area plus the area of the base. The lateral area is equal 
to the circumference of the base multiplied by one-half the slant 
height. The volume of the right circular cone is equal to the area 
of its base, multiplied by one-third its altitude. 

If the upper part of a pyramid or cone is cut off by a 
plane parallel with the base the remaining lower portion is 
called the frustum. 





Figure 53. 



Figure 54. 



Drawing Problems. 

24. Make top and front views and develop the surface 
of the frustum of a square pyramid. (Figure 53.) The lower 
base is 3i" square, and the upper base is If" square. The 
distance between the two bases is 2J". What would be the 
altitude of the complete pyramid? Calculate the entire 
surface area and the volttme of the frustum. 

25. Make top and front views and develop the surface 
of the frusttmi of a cone whose lower base is 5i" diameter, 
the upper base 2f "^ diameter, and the distance between the 
two bases, 2^". Determine the altitude of the complete cone 
and calculate the entire surface area and voltmae of the 
frustum. (Figure 54.) 




Plate X. 
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Figure 55. 



Figure 56. 



Figure 57. 



26. Make working drawings, lay out surface pattern 
and calculate stirface area of the funnel illustrated in Fig- 
ure 55. 

27. Make front and top views of the hexagonal pyra- 
mid following dimensions given in Figure 56. Lay out and 
calculate surface area and voltime of the pyramid. 

28. Make top and front views of the frustum of the 
hexagonal pyramid following dimensions given in Figure 57. 
Lay out and calculate surface area and volume of frustum. 



Auxiliary Views 



Sometimes an object is placed in such a position that 
the usual top, front and side views do not adequately repre- 
sent the actual shape of certain parts of the object. This 
fact is illustrated in Figure 58 where neither view represents 
the actual size and correct outline of that part of the cube 
remaining after a portion of the cube has been cut away. It 
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Figure 58. 



Figure 59. Figure 60. 



is therefore necessary to make another projection on a plane 

known as an ^* auxiliary plane.** The auxiliary plane is 

always placed parallel with the surface to be represented, as 

in Figure 58, where the dot and dash lines a-6, 6-&', ft'-a', 

a'-a, represent the edges of such a plane. In this case the 

auxiliary plane is perpendicular to the V plane and at the 

same angle to the H plane as the line d^-b"', which cuts the 

V projection of the object. By projecting parallel lines, 

from every point of the object perpendicular to the auxiliary 

plane, the resulting projection on that plane will represent 

he exact size and shape of the part required and a fore- 

hortened view of the remaining portion of the object. 

figure 60 illustrates the application of the auxiliary plane in 

•epresenting the object on the flat surface of the drawing 

3aper. The H projection represents the top view of the cube 
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when it is placed with its vertical faces at 45® to F. The 
front view of the cube is cut by a line, a^'-b^, representing the 
edge of a cutting plane which cuts away a portion of the cube 
at a certain angle to H and perpendicular to F. The line a-&, 
parallel with a^'-b^y is the G.L. *^V** of the auxiliary plane 
and a-a^' perpendicular to a-6, is the auxiliary G. L. ''H^** 
revolved into this position from the position indicated by 
a-a'. The three planes are thus shown revolved into the one 
fiat plane of the -drawing paper. Parallel projection lines 
perpendicular to the cutting line a^-b'^j are projected from 
every point in the front view into the auxiliary plane. Lines 
parallel with G. L. are projected from the points in the top 
view to the auxiliary G, L,''H'' and then revolved, by draw- 
ing arcs with a as a center, to the G. L, *'^2»» fj-om which 
they are projected into the auxiliary plane. At the inter- 
sections of the projection lines from corresponding points 
in the H and V projections are the same points in the view 
on the auxiliary plane. The view on an auxiliary plane is 
known as a ''revolved view.^^ 

When making revolved views, it is not always necessary 
to indicate the positions of the imaginary ground lines divid- 
ing the paper into the three planes. The center line of a 
revolved view must always be placed parallel with the edge 
of the cutting plane as represented in the plane to which the 
cutting plane is perpendicular. Measurements for the re- 
volved view may be made from the view which does not 
contain the edge of the cutting plane. Such measurements 
must always be made in a direction perpendicular to the 
imaginary ground line between the H and V projections. 

Drawing Problem 29. Make top, front and revolved 
views of the object represented in Figure 61, also laying 
out a surface pattern of the object as indicated in the 
illustration. The object is Ii"x2i"x3". In the front view, 
the upper right-hand comer is cut oflf by a plane which is 
perpendicular to V and at 45° to H. The distance from a 

to b is r. 
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The three views and the developed surface pattern 
required in this problem are given in Figure 62. The edges 
of the surfaces abcdea and a' b' d d' e' a* appear in the 
revolved plane as lines parallel with the edge of the cutting 
plane represented in the front view. The surface hV d cb 
in the revolved view is the exact size of that particular por- 
tion of the surface of the object. Meastu-ements for the 
developed surface pattern are all obtained from the three 
views of the object. 

Drawing Problems. 

30. Make top, front and revolved views, also lay out 
surface pattern of the cube illustrated in Figure 59. The 
square faces of the cube each contain 2J square inches, 
and the vertical faces are placed at 45° to V. The cutting 
plane is at 60° to H and perpendicular to F, and passes 
through the lower right-hand comer of the front view of the 
cube. How many square inches of material in the surface 
pattern of the remaining portion of the cube? 




Figure 63. 



Figure 64. 



31. Represent a square prism which measiures li*X 
li^X4", resting on one of its bases with its vertical sides at 
45° to V. Then cut away the upper right-hand comer in 
the front view by a plane passing through the center of the 
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top of the prism, perpendictdax to V and at 60® to H. Cut 
away the upper left-hand comer in the front view by a plane 
passing through the center of the top of the prism and which 
is at 30** to H and perpendicular to V. Lay out the developed 
surface pattern without making the revolved views to show 
the exact outline of the portions left after cutting the prism. 
(Figure 63.) 

32. Represent the top, front and end views of a hollow 
equilateral triangtdar prism with one end cut away as in 
Figure 64 by a plane which is at 45° to H and perpendicular 
to V. The lower rectangular face of the prism is 4''x2*' 
and its sides are f '^ thick. Develop stirface and calculate 
area of stirface pattern. 

33. Plate XL A cylinder, If*^ diameter and 3^^ high, 
is cut by a plane at 45** to H and perpendicular to V. Repre- 
sent the front, top, side and revolved views. The side view 
is to be located on the center-line S indicated in Plate XL 

34. Make top and front views of a cylinder, 2" diame- 
ter and 3^*^ high, cut in the front view by a line representing 
the edge of a plane perpendicular to F, passing through the 
upper left-hand and the lower right-hand comers of this 
view. Make revolved view showing the exact shape of the . 
remaining portion left by the cutting plane and also lay out 
the surface pattern of the cylinder by the method shown in 
Plate XL 

In making revolved views and developed surfaces of 
cylindrical objects it is necessary to assume a considerable 
number of points on the cylindrical surface to assist in mak- 
ing the required projections. If the circle representing the 
end or top view of the bases of the cylinder be equally divided 
by drawing a number of diameters as in Figure 2 of Plate XI 
and then projection lines drawn from the points where 
these diameters cut the circumference, through the front 
view (Figure 3), points are obtained which aid in making 
the required projections. These lines crossing the cylindri- 
cal stuf ace are called elements and the greater the number of 
these elements used the more accurate will be the result in 
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the drawing. Usually twelve to twenty-four elements are 
employed as it is convenient to divide the circle into these 
numbers of parts by using the T square and the triangles. 

In both problems 33 and 34, the cutting plane inter- 
sects all of the elements in the front view, (Figure 3.) By 
using all of these intersections as points from which to draw 
projection lines, the revolved view is obtained as indicated 
in Figure 4, 

To obtain the developed surface (Figure 5) draw first 
the line g'-g' equal in length to the circumference of the 
cylinder and space for the positions of the vertical lines 
representing the elements. The length of the elements may 
be determined by measurement or by projection as indicated 
in the drawing. A Hne passing through the intersections of 
the projection lines with the elements gives the required 
outline for the surface pattern. 




Figure 65. 



Figure 



Drawing Problems. 

35. Represent top and front views of a cylinder l^* 
diameter and 3f * high. Cut away the upper left-hand comer 
as far as the center of the top in the front view by a plane at 
45° to H and perpendicular to V. Cut away the upper right- 
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hand comer as far as the center of the top in the front view 
by a plane at 60° to H and perpendicular to F. Make re- 
volved views of only the cut portions, not representing the 
foreshortened views of the rest of the cylinder. Make sur- 
face development. (Figure 65.) 

36. Represent a hexagonal prism resting on one of its 
bases and with two lateral faces parallel with F. The bases 
are lY between parallel sides and the lateral faces are ZY 
high. Cut the prism in the front view by a plane passing 
through the upper left-hand comer at 60° to H and 'perpen- 
dicular to V. Make revolved view and develop stu^ace. 

37. Represent a square pyramid with two sides of its 
base perpendicular to V. The base is 2Y square and the 
altitude of the pyramid is 3|". Cut the pyramid by a plane 
which is at 30° to i?, perpendicular to F, and passes through 
a point 1" above the center of the base in the front view. 
Make revolved view and develop surface. (Figure 66.) 

38. Represent the pyramid given in problem 37 with 
the sides of the base at 45° to F, and cut the pyramid at the 
same distance above the center of the base by the same cut- 
ting plane. Make revolved view and develop surface. 

39. Make front, top and revolved views of a hexagonal 
pyramid cut as indicated in Figure 67. Pupil to determine 
size of pyramid and angle of cutting plane. 

Conic Sections. If a right circular cone is cut by planes 
passing through it in various directions the sections will 
show several different geometrical figures and curves. 

The names of these figures and curves, and the condi- 
tions under which they may be obtained are : 

1. The Circle. Obtained by cutting all the elements 
of a right circular cone by a plane parallel with the base, 
passing through the cone at any point above the base. 

2. The Isosceles Triangle. Obtained by cutting a 
right circular cone by a plane perpendicular to the base 
and passing through the axis of the cone. 
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Figure 68. 

3. The Ellipse. Obtained by cutting all the elements 
of a right circular cone by a plane which passes through the 

. cone at any point above the base at any angle and which 
is not parallel with any of the elements nor the base of the 
cone. (Figure 68 a.) 

4. The Hyperbola. Obtained by passing a plane 
perpendicular to the base, through the right circular cone at 
any place where the plane will not pass through the axis of 
the cone. (Figure 69 a.) 

5. The Parabola. Obtained by passing a plane 
through the base of the cone and parallel with any one of the 
elements. (Figure 69 c.) . 

Drawing Problems. 

40. Make front, top and revolved views of the trun- 
cated cone illustrated at a in Figure 68. The cone has a base 
V diameter, and its altitude is 3f". It is cut by a plane at 
i5^ to H and perpendicular to F, through a point 2" above 
:he center of the base in the front view. Develop the sur- 
face of the cone. 
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41. Make top, front and side view of a cone of the 
dimensions given in problem 40. Pass a cutting plane" 
through the plane in such a position that the side view of 
the remaining portion of the cone will show a hyperbola. 
Lay out surface development. 

42. Represent this same cone cut by a plane in such a 
manner that the revolved view will show a parabola. De- 
velop surface. 

43. A working drawing is required for a pattern of a 
25 lb. dumb-bell of the construction represented in Figure 70, 
and having the dimensions given for the size of the handle 
and the thickness of the ends. What is the weight of the 
cross-bar and what shotdd be the weight and diameter of 
each end? The V grooves are made in the cross-bar in 
order to secure a retaining hold on the cast-iron ends. 

This problem involves the representation of the Ellipse 
and the sohd known as the Spheroid. 



THE ELUPSE 




Figure 70. 



The Ellipse is an oblong figure bounded by a regular 
curve and corresponds to an obUque view of a circle. (See 
revolved view of cylinder Plate XI.) 

The long axis of the elUpse is called the major or trans- 
verse axis. The short axis is called the minor or conjugate 
axis. 

The elHpse is also defined as a curve in which the sum 
of the distances from any point of the curve to two fixed 
points (called /oci) in the major axis is constant. That con- 
stant is the length of the major axis. 

The minor axis is always perpendicular to the major 
axis. 

To Draw the Ellipse: 

First method. (Figure 71.) Draw the two axes ab and 
cd bisecting each other at e. With radius equal to ae and c 
and d as centers locate the foci/ and /^ on the major axis ab. 
The sum of the distances cf and c/', and also the sum of the 
distances from/ and/' to any other point in the curve of the 
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Figure 71. 

ellipse are equal to the length of the major axis ab. Place 
pins in the axis at / and f^ and loop on an endless thread of 
such length that when a pencil point is placed within the 
loop, the loop will allow the pencil to just reach to cot d. 
By guiding the pencil with the thread, it may be carried 
around the pins at/ and /S thus describing the ellipse. 




Figure 72. 



Second method. (Figure 72.) At the intersection^of 
the diameters, c, as a center, draw circles equal to the diame- 
ters of the required ellipse. Prom any number of equally 
spaced points in the circumference of the larger circle draw 
radii cutting the inner circle. Draw lines perpendicular to 
the major axis from the points on the outer circle intersect- 
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ing lines drawn paraUel with the major axis through the 
points on the inner circle. A curved line traced through the 
points of intersection of the lines is the curve of the ellipse. 
There are many other methods of constructing the ellipse 
which may be substituted for those described. 

In making calculations for the ellipse, let D equal the 
length of the major axis and d equal the length of the minor 
axis. 

The area of an ellipse is approximately equal to the 
product of its axes multipUed by .785J^. 

Formula : area of ellipse= DxdX .7854- 

The length of the circumference may be approximately 
determined by multiplying the square root of one-half the 
sum of the squares of the two axes, by 3,1416. 

Formula: circumference of ellipse=S.1416 ^[D^+d^ 

— ^-- 

The Spheroid is a solid generated by the revolution of 
an ellipse about one of its axes. A section cut through the 
spheroid at any point by a plane parallel with one of its axes 
is either a circle or an ellipse. It is called a prolate spheroid 
when it is revolved about the major axis (Figure 71) and 
an oblate spheroid when revolved about the minor axis. 
(Figure 72.) 

The area of the surface of a spheroid may be approxi- 
mately determined 

when it is prolate by multiplying the area of the revolving 
ellipse by the length of the minor axis. 

Formula: area of prolate spheroid^S.l 416 yj DH-d^ X d 

2 

when it is oblate by multiplying the area of the revolving 
ellipse by the length of the major axis. 

Formula: area of oblate spheroid=3.1416yl D^+d^ X D 

2 
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The volume of a spheroid may be approximately de- 
termined by multiplying the square of the revolving axis 
(R) by the fixed axis (F) and the product thus obtained by 
.6SS6. 

Formula : volume of spherotd= R^X Fx MS6 

In order to determine the diameter of the ends of the 
dumb-bell, it is first necessary to deduct the weight of the 
bar and this will give the weight to be allowed for both 
ends. Allowance must be made for the amount of material 
in that part of the bar cast into the ends, and then the 
nimiber of cubic inches of cast-iron in each end must be 
determined. The diameter of the ends may be calculated 
by applying the formula for finding the volume of the 
spheroid. 

Formula : R^X Fx .5286= number of cu. inches in each end 

number of cu. inches in each end 



2 



FXM36 

R = diameter of end or length of 

revolving axis. 

Questions. 

1. How does the ellipse differ from a circle? 

2. What are the foci of an ellipse? 

3. What special fact is peculiar to the ellipse regard- 
ing the sum of the distances of the foci from any point in 
the circumference of the ellipse? 

4. What kind of a spheroid is indicated in the draw- 
ing of the dimib-bell? 

5. Would it make any difference in the weight if the 
drawing had indicated the other kind of a spheroid? 
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The Representation of Groups of Solids 



All forms of construction may be readily conceived as 
being composed of groups of type solids assembled together 
in various ways necessary to obtain the reqtiired construc- 
tion. Examine carefully the drawings of any machine or 
building and it will be evident that such drawings contain 
the representations of many plane geometrical figures com- 
Bined to make the complete drawing. 

In making a drawing which shall represent the com- 
bination of a number of plane figures or groups of solids, the 
position and relation of each member of the group in regard 
to each other mtist be carefully considered. Each of the 
views made must show each member of the group in its own 
particular position in space and its relation to the other mem- 
bers of the group in their relative positions. Figure 73-1 
illustrates the projections of a group of two solids on the 
three planes giving the front, top and side views of the group. 
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The projection of each member of the group is made show- 
ing its particular position in space. The relation of the 
views to each other is readily determined by the projection 
lines on the surface of the planes. The appearance of each 
member of the group and its relation to the other member 
as represented on the flat plane of the drawing paper is 
clearly illustrated in II of Figure 73 where the three planes 
have been revolved into the one plane surface of the paper. 





Figure 74. Figure 75. 



Drawing Problems. 

44. Represent the top, front and side views of two 
rectangular prisms, in the positions suggested in Figure 74. 
The prisms are each l|"xl|", the lengths being 3^" and V. 
The ends of the longer prism are parallel with V and per- 
pendicular to H, The shorter prism rests at the center of 
the top left-hand edge of the other prism and its wider 
faces make an angle of 30° with H and they are perpendicu- 
lar to V. 

45. Represent three views of a group consisting of a 
square pyramid, base 2''x2", altitude 21*^, resting as in 
Figure 75 on a rectangular prism which is f'^Xli'^X3J''. 
The larger faces of the prism are perpendicular to V and 
parallel with H. 

The base of the pyramid is perpendicular to V and at 
30° with H, and the pyramid inclines toward the left. 
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Figure 76. Figure 77. 

46. Represent three views of the prism and pyramid 
described in example 45, in the position suggested in Figure 
76. The prism is in the same position but the pyramid rests 
on one of its triangular faces which is now shown as being 
parallel with H and perpendictdar to V. 

47. Represent three views of a group of two equilat- 
eral triangular prisms, in each of which the lateral faces are 
If '^X3J". The lower face of the upper prism makes an angle 
of 45° to the lower face of the prism upon which it rests. 
Both lower faces are perpendicular to V. (Figure 77.) 

48. A cylinder, 4*" diameter, l*' thick, is placed with 
its bases parallel with V and perpendicular to if as in ^, 
Figttre 78. It is then turned away with its bases at 45° to 
F as in J5, Figure 79. Represent top and front views of 
the cylinder in both positions. 

In making this drawing it will be necessary to assume a 
number of elements in order to obtain working points from 
which to make the projections for the second front view 
of the cylinder. 

After the top view has been turned to its second posi- 
tion, vertical projection lines are drawn from this view into 
the V plane, intersecting horizontal projection lines from 
corresponding points in the first front view. The inter- 
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Figure 78. 



sections of the projection lines give points through which 
the outlines of the second front view of the cylinder may be 
traced. 

49. Represent front, top and side views of a group 
consisting of a cylindrical ring and a triangular prism as 
illustrated in Figure 1 of Plate XIII. The ring is 4|" diam- 
eter and Y thick, with the hole 2f " diameter. One face of 
the prism is 4f " x 1 J" and it is parallel with H and perpen- 
dicular to V, The other two rectangular faces are at 45° 
to if. 

The bases of the ring are placed perpendicular to V 
and at 45° to H with the edge of the hole resting on the 
upper comer edge of the prism. 



///7/sA top (//eiy 





//h/'Sh ^/c^ t//'eu/ 




[ f/f. 3 



/"/g^S 




/fftyJ'e y/v/ft i^/eHr of ^r^up 



y^o4re <s/€/^ t/f^^/ o/^ro€jp. 



Plate XII. 
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After drawing the front view of the two members of 
this group in the positions specified, it will be necessary to 
make a revolved view of the ring in order to show the circular 
face in its exact size so that it may be divided into elements 
which will assist in making the other two views of the ring. 
Another such view should be made to assist in obtaining 
the top view. The circles are indicated in Figures 2 and 4. 
It is necessary to represent only half the circle in each view 
for the reason that after dividing the half-circle into any 
even nimiber of equal parts, projection lines from the points 
obtained wotdd pass through the opposite points on the 
other half of the circle had it been represented. After 
drawing projection lines from all the points in the front 
view into the if plane, the horizontal projection lines from 
the points on the revolved view of the ring in the H plane, 
will intersect the vertical projection lines, giving points 
through which the outlines of the top view of the inclined 
ring may be drawn. The side view may then be obtained 
by projecting from the top and front views. 

50. A group consists of four solids indicated by their 
top views in Figure 5, Plate XII. -4 is a cylinder, \Y 
diameter, 3f " long, with ends at 30° to V and perpendicular 
to H, J5 is a hexagonal prism. If" between parallel faces 
and \Y high. D is the end of a rectangular prism which is 
1" X 1^" X 3|", with its lateral faces at 45° to V and its ends 
parallel with H. C is a pyramid with the front edge of the 
base at 15° to V and the b&.se is parallel with H. Its base 
is If" X If" and its altitude is 3f ". Represent three views 
of this group. Pupil may decide on the placing of each 
member of the group in regard to its position in relation 
to the other members of the group. 
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The Intersection of Surfaces 



When a plane or curved siirface meets another surface 
at an angle, the line separating the two surfaces is called the 
line of intersection. In plane-sided figures the outline of 
intersection is composed of straight lines. If either of two 
intersecting surfaces is a curved surface, their common line 
of intersection is a curved line except in a few special cases, 
occurring under certain conditions. 

When one of the surfaces is that of a solid having 
a uniform cross section as in a cylinder or a prism, its end 
view will show whether the surfaces intersect in one con- 
tinuous line or in two separate lines. 

In general, the line of intersection between two sur- 
faces is obtained by passing one or more auxiliary planes 
in such a manner as to cut some easily constructed sections, 
such as straight lines or circles, from each of the given sur- 
faces; the meeting-points of the sections lying in any aux- 
iliary plane will lie in the line sought. 

The application of this principle just stated becomes 
much simplified whenever any face of either surface is so 
situated that its projection is in a line. This will be illus- 
trated in the problems which are to follow. The pupil will 
save much time and trouble if he will number or letter each 
point of the problem as soon as it is determined in the drawing. 

Drawing Problem 51. Make the top and front views 
of the square prism intersected by the rectangular prism 
epresented in Figure 81. The square prism is 1^" x 1|" x 
if" and the rectangular prism is 1" x 2" x 3|". Develop 
he siufaces of the prisms. This problem is drawn as repre- 
ented in Plate XIII. Draw both views of the square prism 
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Figure 80. 



Figure 81. 



and then represent the rectangular prism in the position 
indicated in the drawing. Designate the limiting points of 
each prism by letters and the points of intersection by num- 
bers. In the top view, the line e-j of the rectangular prism 
intersects the sttrfaces of the square prism, the top views of 
which are indicated by the lines a-6 and h-c, at 2 and 6. 
These points, 2 and ff, determine the length of the lines 6-2 
and 6'] in both views as will be seen when they are projected 
into the front view. Both views of the intersecting prisms 
indicate that each of the lateral surfaces of the square 
prism are penetrated by some part of the rectangular prism 
at equal distances from the comers a-a* and c-d of the 
square prism. The front view of the square prism shows 
that parts of these comers from 1 to S, and 5 to 7, are cut 
away by the intersecting rectangular prism. The lines of 
intersection in this view are ;2-4 and 6-8. In the develop- 
ment of the surfaces of the square pyramid, the positions 
of the points l-S on the lines a-a' and 5-7 on the line c-c', 
may be determined by measiurement or projection from the 
front view. The distances U2 and 5-6 must be measured 
in that view which represents the true length of these lines. 
The limiting lines of the square in the top view are parallel 
with H but at an angle to V therefore their true length 
according to principles *V*' and ''d'' page 63, is to be 
measured in the top view. As ;? is a point projected on a-6 



96 



APPLIED MECHANICAL DRAWING 



its exact distance from the comer a-a' must be measured 
in that view which shows the exact width of the surface 

This distance then is a-S of the top view and the meas- 
urement may be transferred to the development at each 
side of the lines representing the positions of the comers 
a-a' and c-c'. 

Figure 4 of the plate represents the surface pattern 
for the parts of the rectangular prism projecting from the 
comers of the square prism. As both parts are exactly 
alike but one pattern is necessary and a statement should 
be made on the drawing of the number of pieces required. 




Figure 82. 



Figure 83. 



Drawing Problems. 

52. Make top and front views and develop surfaces 
of two intersecting square prisms as suggested in Figure 80. 
The prisms are each If" x If '^ x 3f ". The lateral faces of 
the vertical prism are at 45° to V and perpendicular to H. 
The lateral faces of the horizontal prism are at 45° to both 
Hsxid V. 

53. An equilateral triangular prism with lateral faces 
21" X 4" is intersected by a prism which is 1|" x Ij" project- 
ing 1" above the top edge of the triangular prism as indi- 
cated in Figure 82. The bases of the triangular prism are 
parallel with V and perpendicular to H. Locate the square 
prism at the center of the top edge of the triangular prism, 
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Figure 84. 



Figure 85. 



with two of its faces parallel with the lateral edges of that 
prism. Draw three views and develop the surface patterns 
of each prism. 

54. Represent the same intersecting prisms described 
in problem 53 but having the square prism turned so that 
one of the diagonals of the end is parallel with the lateral 
edges of the triangular prism as in Figure 83. Develop 
surface patterns. 

55. Make two views and lay out surface patterns 
for a two-part right-angled elbow illustrated in Figure 84. 
The cylinders are each 2J'' diameter and the length at the 
longest part is 3". What, if any, is the difference between 
the developments of the surfaces of the cylinders in this 
elbow and the development of the frustum of the cylinder 
represented in Plate XI, page 78? What would be the best 
way to lay out the patterns for this elbow in order that the 
material could be cut without any or but little waste? 

56. Make front and top views and develop surfaces 

f two cylinders, one of which is 2J'' diameter and 3^" high, 

itersected at right angles by a smaller cylinder. If" diam- 

:ter, projecting 1§" from the side of the larger cylinder, 

is suggested in Figure 85 and the drawing, Plate XIV. 
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In making this drawing it is necessary to make half end 
views as suggested at a and b in order to assume elements 
to use in obtaining the line of intersection and which will 
also aid in laying out the surface pattern. The points 
asstimed in a are projected across the surface of the smaller 
cylinder to the surface of the larger cylinder, from which 
they are projected into the front view where they are inter- 
sected by projection lines from the points assumed in b. 
The line of intersection is traced through the points where 
the horizontal and vertical projection lines from correspond- 
ing points meet. The rectangle forming the surface pattern 
of the large cylinder should then be laid out and the posi- 
tions of the vertical elements of the cylinder obtained from 
the top view, (Figure 1). The outline of the Une of inter- 
section may then be determined by projection or measure- 
ment from the front view, (Figure 2). The size of the 
rectangle (Figure 4) containing the siirface layout of the 
smaller cylinder is determined by the length of its circum- 
ference and the length of the longest element in this cylinder. 
The lines representing the elements should then be drawn in 
their proper positions and the length of each measured in 
either the top or front views and transferred to its corre- 
sponding line in the rectangle. The curved outline caused 
by the intersection of this cylinder and the larger cylinder 
may then be traced through the points thus obtained. 

DraAving Problems. 

57. Make three views and develop the surfaces of 
two cylinders (Figure 86), one of which is 2Y diameter and 
3^" high, intersected at an angle of 45° by a smaller cylinder, 
If" diameter. The distance from the top of the larger cylin- 
der to the intersection of the center lines is f ". From this 
point to the base of the smaller cylinder is 3|". The front 
view of these cylinders is indicated at 2, Figure 86. The 
proportions of this problem are such that the position of the 
surface patterns should be represented by rectangles having 
their longest sides parallel with the end margins of the draw- 
ing paper. This will cause all points in these developments 
to be obtained by measurement rather than by projection. 
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Figure 86. 



58. Draw a front view only as represented in 4, of 
the funnel suggested in 3, of Figure 86, and then lay out 
the surface patterns for the funnel. The proportions are: 



a=3", &=4f, c=2r, 

e=5", /=3r, 



rf=ir, 



S 16 



Angle between center-lines =60^ 

59. A rectangular prism having an end lj"x2", inter- 
sects a cylinder which is 2 j" diameter, 3f " high, as indicated 
in Figure 87, making an included angle of 60° between the 
prism and cylinder. The distances a and b are f and 1^* 
Make front and top views and develop surfaces of both 
cylinder and prism. 

60. An equilateral triangular prism having a base with 
sides If*' long, intersects a cylinder which is 2^ diameter, 
31'^ high, as indicated in Figure 88, making an included angle 
between prism and cylinder of 60°. The distances a and b 
are Y ^^^ ^V* Make ntmiber of views necessary to assist 
in laying out surface patterns. 
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Figure 87. 



Figure 88. 



61. Make necessary views and lay out surface patterns 
for the three-part elbow suggested in a and h of Figure 89. 

62. Make all necessary views and layout surface 
patterns for the four-part elbow suggested in c of Figttre 89. 




Figure 89. 
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Drawing Problems for the Woodworking Shops 



Constructive Design is the adaptation of the funda- 
mental principles of design to the proportions, fitness of 
form, size and weight of materials used in the construction, 
of the special problem under consideration. 

A constructive design for some' particular object made 
by more or less original effort on the part of the pupil is a 
matter of great importance, and work of this character 
may have its beginning through the medium of a few simple 
problems especially selected for the purpose. In his first 
attempts to design, the average pupil is apt to aim far 
beyond his capacity, especially in regard to his constructive 
ability and the time at his disposal in which to work out 
and execute the problem that he has undertaken. 

The secret of success in beginning constructive design 
lies in the selecting for the first problem an object that may 
call for a design which shall be of almost severe and extreme 
simplicity and then making the working drawing with the 
greatest care, attention to constructive detail and nicety of 
execution. Unless this is done, there is danger that many 
things that are impossible will creep into the design and thus 
make it of no practical value. Then there is the question of 
utility. If a problem is worth the time and attention of both 
shop and drawing room, the resulting product ought to be 
of value in itself. It should have some specific use and not 
be merely a thing to look at. With this thought in mind the 
following problems have been selected. The pupil should 
be guided by the suggested outlines and sizes presented and 
maie a pendl dra^g which is then to be traced and 
blueprints made for use in the shop. The accompanying 
halftone illustrations are made from photographs of work 
executed by pupils in their first year in the high school. 
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Figure 90. 

Drawings for Wood-Turning : The problems presented 
in this section are so planned that the material for each 
problem may be cut to uniform size for class work in the 
shop. The heavy dot-and-dash lines in each of the working 
drawings indicate the stock in the rough. The dimensions 
given will allow for cutting off of centers, tunmig from 
the square to the round, and finish. Overall dimensions are 
stated in each problem for the largest possible design of 
good proportions. The outline design depends largely upon 
its simplicity of form and the best results in proportions are 
obtained through the spacing of diameters and lengths in 
their relation to each other. Drawings for these problems 
in wood-turning are to be made in the order in which the 
methods and processes of this subject are taught in the shop. 

In making the design for each problem, the best method 
of procedure is to sketch several rectangles, each of which 
may include the whole outline. These rectangles should be 
of the largest possible size allowed by the material when 
turned from the square to the round. Sketch a center line 
through each rectangle as suggested in the sketch of the 
darning ball. Figure 90. Make several free hand sketches, 
for which suggestions are given in Plate XVI-A and select 
the design best suited for the purpose. The working draw- 
ing may then be made using the compass and curve ruler 
as illustrated in Figure 91. First ch-aw one-half of the 
outline being very careful to locate all centers of arcs and to 
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Figure 91. 

mark the curves accurately. When this half has been satis- 
factorily completed the opposite half of the outline may then 
be reproduced by transferring all measurements to that part 
of the drawing, measuring carefully from the center line. 
Dimension the drawing, locating each dimension in its 
proper position and checking all subdivisions in order to be 
sure that their sum equals the overall dimension. The title 
for all wood-turning drawings shoidd be similar to that 
shown in the finished drawing of the darning ball given in 
Plate XVI-B. The spacing of guide lines for the title may 
be found in Figure 22, Page 37. 

63. The Darning Ball. PLATE XVI -A. The rough stock 
for this problem is 2^''x 2 i^'x 7', and is represented in the 
drawing by the heavy dot-and-dash lines. By allowing i' 
for turning from the square to the round, and J* at each end 
for cutting off, the largest possible design may be inclosed in 
a rectangle 2i"X&'. Sketch several rectangles of this size 
including center lines. For good proportions in the design 
the head should not be longer than 2^" and the handle ought 
not to be more than f or less than |" in diameter. 

64. The Gavel, Plate XVII, consists of two parts, the 
head and the handle. Detail drawings of each part should 
be made. Length of tenon on handle to be J" more than half 
of the diameter of the head at the center. The lines for 
the ends of the head must be arcs of a circle. Avoid a 
square shoulder at the intersection of the head and handle. 
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65. The Paper File Base. Plate XVIII. The paper file 
has a base and a wire spindle, which is made of -sfV brass 
wire, 6" long with one end sharpened to a point as shown in 
Plate XV. The wire driven through the center of the base 
and one end is flattened to prevent it from coming out. 
Simple, straight or ctirved line designs are to be preferred 
to intricate outlines having deep cuts and sharp corners. 
The base must be made as heavy as possible to prevent the 
file tipping over. 

66. The Picture Frame. Plate XIX. Make top and 
front views. Indicate cross section of one-half the front 
view as shown in the drawing in order to make clearer that 
part of the design for the front and the recess for the glass 
and picture in the back of the frame. 

67. The Pin Tray. PLATE XX. This drawing should 
also show partial section in the front view. Several draw- 
ings for alternative designs may be worked out. 

68. The Napkin Ring, PLATE XXI, should not be less 
than 1^" in thickness. This will necessarily limit the design 
to shallow cuts in order to avoid cutting through the piece. 
Roimd the inside comers slightly. 

69. The Match Holder. Plate XXII. This problem 
differs from the napkin holder in that it offers opportunity 
of greater possibilities in the design. The base ought to 
be larger than the top. 

70. The Bowl. PLATE XXIII. Simplicity of outline 
should be the aim in this problem. Plain bands may be 
utilized in breaking up the surface which will demand 
careful planning of the spaces. 

71. The Box. PLATE XXIV. May be made in two 
sizes. In the large box the top view may be omitted. Place 
the cover drawing f '' above the drawing of the lower part of 
the box and dimension each completely. No part of the box 
should be more than Y i^ thickness. The cover is held in 
position by a rabbeted joint. 
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72. The Book Rack, PLATE XXV, is a problem in 
constructive design having considerable practical value as 
the first problem because of the few pieces required; its 
simplicity in construction and the opportunity for varied 
design in the outline of the end pieces. Figures 1 and 3 of the 
plate illustrate two methods of construction and it is neces- 
sary to decide first which method shall be adopted. After 
this decision has been made, draw carefully several rectan- 
gles which shall be the exact size of the end pieces. Locate 
the vertical center-lines and the lines which will indicate the 
location and size of the bottom piece. Sketch several out- 
lines for the ends and select the most suitable design for the 
final drawing. Fold the paper on the vertical center-line 
and cut to the outline. This makes a pattern for the end 
which may be transferred to the final drawing and also used 
in the shop as a template in drawing the outline on the wood. 
The small sketches a, 6, c, rf, e, and / offer suggestions for 
either style of construction. The working drawing should 
be arranged and fully dimensioned as indicated in Figures 2 
and 4. The Mill Bill for material in the rough should call 
for stock which is to be cut as follows: — ^ 

For Figure 1. Bottom f X6|''xl7'' 

Ends rxGfX 7r 

For Figure 3. Bottom f X 6|"X 19i" 

Ends fxerx 6f 

A complete working drawing as it should appear when 
finished is shown in Plate XXVI. The mill bill and title 
should be placed as indicated in the upper right-hand comer 
of the drawing plate for which B size paper is required. 
The spacing for the arrangement of this title is given in 
Figure 23, page 38. 
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Figure 92. 

73. The Tabouret. Plate XXVIII. The general 
dimensions for this piece are as follows: top to be about 
14''xl4''; height, including top, about 19". In laying out the 
arrangement of the drawing, sketch the positions; block out 
the front and top views, and space for title and mill bill 
allowing room for the various details. Because of the size 
of the tabouret, it will be necessary to make the drawing to 
a reduced scale (see page 10) in order to get the drawing on 
the B size paper. The largest possible scale that can be used 
in this case is a "quarter size" scale or a scale of Y equal to 
1". Draw the top view, being careful about planning the 
location of the posts and the overhang of the top of the 
tabouret. In placing the rails, give particular attention to 
their size and their spacing in relation to the top and posts. 
If slats are used in the design, the spacing is more of a prob- 
lem, and the position of the rails must be determined first in 
order that the slats shall have the proper length in propor- 
tion to their width and the distances between each other 
and the posts. Various combinations of the parts may be 
made in designing the tabouret, some of which are shown in 
Plate XXVII and others in Figures 92 and 97. Modifica- 
tions of the outlines of the tops and in the shapes of the posts 
may also follow some of the suggestions given. The dif- 
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Figure 93. 

ferent members are held together by glued blind mortise- 
and-tenon joints, with the exception of the top which may 
be fastened to the rails by any one of the methods shown in 
Figure 93. The working drawing is completed by dimen- 
sioning each part but the size of the drawing is such that if 
all dimensions are placed in the two views, they will neces- 
sarily be crowded together and detract from the appearance 
of the drawing. Detail drawings should be made of the rails 
and slats to a larger scale of ^' half size,'' or Y equal to V, thus 
making the dra4ig much clearibr and more o^mpreheAsive. 
The Mill Bill shotdd call for rough stock cut as follows: 

Top FX Ur X Wr Rails F X . . /X . . / 

Posts lyx WxW Slats fX../X../ 

74. The Umbrella Stand. PLATE XXIX, FIGURES 94 
and 95. The overall dimensions of the imibrella stand should 
be about 12^X 12*^X30^. The top and front views represent- 
ing the assembled parts of the stand should be made to the 
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Figure 94. Figure 95. 

quarter-size scale. The detail drawings of rails and pan sup- 
ports should be made to a half size scale. The pan supports 
should be made of j' square stock having cross lap joints, 
and are held in place by brads driven through the rails into 
the ends of each piece in the support. The pan should be 
made of 14 gauge sheet copper and formed to shape by ham- 
mering it into a hardwood block hollowed out for the pur- 
pose. The MiU Bill for rough stock should call for material 
cut as follows: — 

Posts lYxWxZOf Rails I'X. ..'X. ..' 

Slats fx.. ."X. . ." 

75. The Library Table, Plates XXX AND XXXI, 
should be from 28' to 30" high, having a top varying from 28' 
to 36' in width, by from 34' to 54' long, and from 1* to ij' 
thick, depending largely on the space which it is to occupy. 
The posts should not be less than 2];" square for the smallest 
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Figure 96. 

size nor greater than S^" square for the largest size table. 
The plates offer several good suggestions for arrangement of 
parts and as the general dimensions will vary according to the 
requirements, the planning of the proportions and the style 
of construction must depend upon the varying conditions. 
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Plate XXXII-A. 
The Representation of Screw Threads 

In nearly all drawings of machine details it is necessary 
to represent screw threads. While these representations 
are usually conventional, it is essential that the pupil should 
know the source of the conventions. For this reason it is 
necessary to consider the Helix and its application in the 
representation of springs and screws. 

The Helix. Plate XXXII-A. The '*A6K:3c"is the path 
of a point traced on the surface of a revolving cylinder as the 
point moves at a uniform rate of speed along a line which is 
parallel with the axis of the cylinder, and having some regu- 
lar prescribed proportion of travel in this direction to each 
revolution of the cylinder. The distance between any two 
points in the path, measured parallel with the axis of the 
cylinder, is called the pitch of the helix. 
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Plate XXXII-B. 

Take a cylinder (Figure 1) and a rectangular piece of 
paper (Figure 2) with the side a-a equal to the circumference 
and the side a-a' equal to the height of the cylinder. Draw 
the diagonal and then wrap the paper about the cylinder. 
The curve which the diagonal takes is called the kelix, and 
a-a' is called the pitch of the helix. 

To draw a helix of one turn, having a diameter of 2J' 
and a pitch of 4^', first represent a cylinder of these dimen- 
sions. Divide the end view of the cylinder into any number 
of equal parts and the pitch of the helix (represented by the 
height of the cylinder) into the same number of equal parts. 
Letter or number the points of division in both views to cor- 
respond. At the intersections of projection lines from the 
points in one view drawn perpendicular to projection lines 
from the corresponding points in the other view, are the 
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various points in the path of the helix which may be lined 
in with the curve ruler. The helix is the curve of the screw 
thread and is used in maJdng the actual representation of 
the thread. 

Application of the Helix.— Springs. PLATE XXXI I- B. 
In making the drawing of the Coil Spring, when the spring 
is to be of round material, it is necessary to lay out the helix 
for the center line of the spring. (Figure 1.) Then by draw- 
ing circles equal in diameter to the size of the roimd material, 
the outside helices may be drawn tangent to these circles. 
When square material is used then it will be necessary to 
draw the four helices by projection as represented in Fig- 
ure 2. 

Drawing Problems. 

76. Draw a helix of one revolution about a cylinder 
2Y diameter and 4 J" high. Make drawing using the de- 
velopment of the cylinder. 

77. Draw a helix of 1§" pitch, making three revolu- 
tions about a cylinder 4*^ in diameter. Make drawing with- 
out using development of the cylinder. 

78. Make a drawing of a coil spring which is to be 
made of f " roimd material, the spring to be 4" outside 
diameter and the pitch 2J". Length of spring, 6f ". 

79. Make a drawing of a coil spring which is to be 
made of material f square in section, the spring to be IJ"' 
pitch, 4*^ outside diameter, and 4|" length of spring. 

Questions. 

1. What is the length of the helix in problem 76? 

2. What is the height of the cylinder in problem 77? 

3. What is the length of the material used in the spring 
called for in problem 78? 

4. What is the inside diameter of the spring in prob- 
lem 79? 
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"A 'Screw' is a cylindrical bar upon which has been 
formed a helical projection or thread. The screw fits ac- 
curately into a hollow corresponding form called its 'nut.' 
Pairs of elements thus formed are used in machinery as 
(a) fastenings, in which case they are called bolts; (b) for 
adjusting the relative positions of two pieces ; (c) for trans- 
mitting energy. 

''Bolts or fastening screws are chiefly used to resist 
straining forces which act parallel to the axis of the bolt. 
A bolt differs from a rivet in that it permits the connected 
pieces to be easily disconnected when necessary." 

( Unwin-Machine Design) 

The pitch of a screw is the distance from the center of 
one thread to the center of the next thread, measured par- 
allel to the axis of the screw. The lead of a screw is the dis- 
tance its nut would travel along the axis of the screw in one 
turn of the screw. The lead of a single thread screw would 
equal the pitch, while the lead of a double or triple thread 
would be two or three times the pitch as the name would 
indicate. The nominal diameter of the screw is that of the 
cylinder into the siuface of which the thread is cut. The 
effective diameter is the diameter of the screw at the bottom 
of the thread. The effective diameter is usually called the 
root diameter of the thread. 

Threads in Common Use. Plate XXXIII. 

The V shaped thread is common for all screws used for 
fastening ptirposes, because of the shearing strength of the 
threads and the frictional holding power which is due to the 
pressure being inclined to the axis of the screw. 

The Sharp V Thread is the thread most commonly 
used for rough work. Its outline is the basis of the United 
States Standard thread. The sides of this thread are equal 
in length to the pitch and are at an included angle of 60° to 
each other and to the axis of the screw. 
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The United States Standard Thread has the sides of 
the thread at an included angle of 60° to each other as in the 
sharp V thread, but they are one-eighth of the total depth 
of the V, short of meeting at both the top and bottom of the 
thread, thus making the actual depth of the thread equal to 
three-fourths of the depth of the sharp V. The number of 
threads per inch of the U. S. S. thread in relation to the 
diameter of the screw is determined by the formula : 

1 

No. thds. per inch=0.24 ^~{nom. dia,+£25)-0.176 

and using the nearest even ntimber to the result obtained. 

The Square Thread is best adapted for transmitting 
motion when the load has to move in opposite directions. 
It is really rectangular in form, the depth being equal to 
.485 of the pitch, and the width of thread and space each 
equal to one-half the pitch. It is usually represented as 
square in the drawing. On screws of the same diameter, the 
pitch of the square thread is usually made twice that of the 

V thread. That is, an 8 pitch square thread would be used 
on the same diameter screw as a 16 pitch V thread. 

The Acme Standard Thread is a modified form of the 
square thread used for screw gearing and lead screws in 
lathes and similar machines. The tluread has an included 
angle of 29°, and in ordinary pitches will permit a clasp nut 
to be used on the screw which is not practical with the square 
thread. In drawing this thread it is permissible to draw the 
sides with the triangles giving an included angle of 30°. The 
pitch of the Acme thread is usually the same as for a square 
thread screw of the same diameter. 

The method of drawing the actual helical curves of the 

V thread is illustrated in Plate XXXIV, but it is not neces- 
sary nor is it the custom for the draftsman to take the time 
required to make this lengthy geometrical construction in 
representing each thread in the drawing. He usually adopts 
some conventional method of representation which is suit- 
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able to the character of the drawing upon which he is 
working. 

Figure 2 shows a very common convention for the sharp 
V thread. Figures 3 and 4 illustrate a more elaborate con- 
vention, both right and left-hand threads being indicated. 
When representing screw threads by conventional forms, a 
note stating the size of screw and pitch of thread should 
appear on the drawing. 

Drawing Problems. 

80. Make outhne drawings of each of the threads 
shown in Plate XXXIII. The Sharp V and U. S. S. Threads 
to be one thread per inch or 1" pitch. The Square thread 
to be two-thirds of a thread per inch or Ij" pitch. The 
Acme thread to be one-half thread per inch or 2" pitch. 

81. Make drawings representing the actual helical 
curves of a Sharp V thread of 1 j" pitch, cylinder 6" diameter, 

82. Make drawings representing the actual helical 
curves of a Square thread of I" pitch, cylinder 6^" diameter. 

83. Make similar drawings of either the U. S. S. thread 
or the Acme thread. 




SCREW THBEADS 

The Sharp V, Sqiiare and Acme threads are represented 
in Figure 98 by conventional drawings in which straight 
lines are used instead of the more elaborate curved lines 
shown in Figure I of Plate XXXIV. These drawings all 
represent right-hand threads although the section through 
the nut apparently represents a left-hand thread. The rea- 
son for tlus is that only those lines of the thread are visible 
which are at the furthest side of the hole. If the drawing 
paper were transparent and the drawing of the screw should 
be placed over that of the nut, the lines of the hidden part of 
the thread of the screw would fit into those shown in the sec- 
tion of the nut. 

In Figure 99, a, b, c, are methods of representing tapped 
holes, when hidden from view and which must be shown 
by dotted lines, a and b are commonly used, although c 
is sometimes preferred because of its simpUcity. Top 
views of surfaces having tapped holes may be indicated 
either as at d or e. If as at e, a circle should be drawn of a 
diameter equal to the outside diameter of the bolt, and the 
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circle dimensioned, thus stating that the hole is to be tapped 
and the size of bolt, kind and pitch of thread to be used. 
If the method at d is employed the inner circle should be 
approximately equal in diameter to the root diameter of the 
bolt and the outer dotted circle should equal the outside 
diameter of the bolt. At / is the top view of a tapped hole, 
as represented in a sectional view. At g is a representation 
of a threaded piece which extends through a block threaded 
to receive it, as shown. At A is a vertical section through a 
tapped hole. This is for a right-hand thread, although the 
lines represent a left-hand thread, for only that part of the 
thread is visible which is at the furthest side of the hole, 
where the threads incline in a direction opposite to the direc- 
tion that they would take at the front side of the hole. This 
can be clearly seen by examining a bolt or nut. At i is a 
section through a tapped hole, with the screw in place, but 
not cut to show section. 

Screw Thread Formulae. 
For the United States Standard Thread, 
d = nominal diameter of bolt 



p = pitch of thread= OM V {d+0.626)-0.176 

n = number of threads per inch= V -^p 

X = depth of thread= 0.75Xp {sine 60'')=0.65p 

jc'= total depth of F= p (sine 60'')=0.866p 

e = effective diameter of bolt= d-Sx 

t = thickness of nut= diameter of bolt 

h = thickness of bolt head= OJSXd+O.OeZS" 
f = distance between parallel sides of head or nut= 

P = distance across comers of hexagonal head or nut= 1 . 166/ 
P = distance across comers of square head or nut= V Sp 

Threads Per Inch. U. S. Standard. 

Diameter T i^'' f" ^' V V I" V ^ ^V H" IV 
No. Threads 20 18 16 14 13 11 10 9 8 7 7 6 
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Figure 100. 

Pipe Threads. The thread used on pipes is like the V 
thread in having an included angle of 60° but it has the top 

and bottom of the thread slightly rounded, so that the depth 
of cut or height of thread is equal to only four-fifths of the 
pitch, or equal to 0.8^ if » be the number of threads per 
inch. Figure 100 illustrates a section of a Biiggs Standard 
Pipe Thread, in which the proportions of the thread are 
indicated. 

Pitch of Pipe Threads per Inch. — Briggs Standard. 

Nominal diameter 

inside of pipe J", i', |', Y> i*i 1" to 2*, 2* up 

Number of threads 27, 18, 18, 14, 14, lU 8 
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Bolt Heads and Nuts. The conventional method for 
representing hexagonal heads of bolts and nuts is shown in 
Plate XXXV, 

In making a drawing for a standard bolt; 

First make calculations (using the Screw Thread For- 
mulae) for parts/, /, A, and p, when d=dia. of bolt. 

In Figure 2, with center at Z, and rad. Z-l, draw arc 
IS; with centers at 1 and S, draw arcs 2-8 and j?-7; with 
7 and 8 as centers, draw lines tangent to line l-S. 

In Figure 4, with center on the center line of bolt and 
rad. S'4f (w) draw an arc tangent to line S-4; bisect lines 
£'S and 4-5 in Figure 3 at S and 10, and draw lines from 
these points obtaining 9 and Win Figure 4. With 9 and Was 
centers, draw arcs tangent to line 2-5, and complete the 
chamfer by drawing lines at 4S^, tangent to these arcs. 

In this representation the comers are chamfered at 45° 
to the axis of the bolt and nut. For general machine con- 
struction the bolt with the hexagonal head and nut is pre- 
ferred to the square head and nut, which is more often used 
in heavy construction or structural iron work. The square 
nut gives a better gripping surface for the wrench than the 
hexagonal nut, but the latter may be used in a more con- 
fined space, as it is only necessary to turjj it through an 
angle of 60^ to get the wrench over the next two parallel 
faces, while the square nut has to be turned through an 
angle of 90° under the same conditions. 

Drawing Problems. Determine pitch of threads by formula. 

84. Make drawings for a 1^ bolt, having hexa'gonal 
head and nut as illustrated in Plate XXXV. The length of 
the bolt imder the head is 6" and the thread is a Sharp V, 
out a distance of 2f" from the end. Use convention for 

;hread shown in Figure 98. 

85. Make a working drawing for a planer bolt, f " diam- 
=iter, 4!^ long imder the head, having a IJ" square head, Y 
hick. The nut to be a standard size hexagonal nut. 
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Machine Cap Screws are made for fastening caps of 
bearings and covers on machines. Various styles of Machine 
or Cap Screws are shown in Plate XXXVI. 

Collar Screws are used for the same purpose as cap 
screws. The collar giving a larger bearing surface for the 
head. 

Set Screws are used to hold parts of machines in place 
by forcing the point of the screw against the part to be held 
in place. The various styles of set screws are known by the 
shape of the point of the screw. 

Proportions of Machine Screws. 

2? = Diameter of Body. fl"= Diameter of Head. 

r= Thickness of Head. 1^= Width of Slot. 

5= Depth of Slot. 



Round Head 


Flat Head 


Flat Fillister 

H=1.6D 


Oval Fillister 


H=1.8SD 


H=2D ,0062 


H=1.6D 


T=0.70SD 


r= D .0062 


r=0.66D 


T=0.65D 


W=0.2S5D 


1.7S9 


W=0.2S5D 


0=0. 8D 


S=O.JflD 


W= 0.2S6D 


S=0.S26D 


W=0.2S6D 


a=1.095D 


S= D .0052 




S=0.4D 


b=0.068D 


.6217 




R=2.186D 


c^OJOD 


1 






e^OmSD 









Drawing Problems. 

86. Make drawings for a collar screw, lY diameter 
and 3^*' long under the collar, using the proportions given 
in Plate XXXVI. 

87. Make drawings of each of the set screws illustrated 
in Plate XXXVI, the diameter of each screw being 1^" and 
the length, 3f" under the head. 
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88. Make drawings of each of the machine screws 
illustrated in Plate XXXVI, the diameter of each being 1" 
and the length 3" under the head. 

89. Pieces of round machine steel are to be used in 
making drawing room models illustrating the four different 
threads shown in Plate XXXIII. They are to be 10" long 
and 2" diameter, but having each end turned down Y below 
the root diameter of the thread for 1|" from the end of the 
piece. Make a working drawing for one of these models 
and represent the conventional thread shown in Figure 98. 
The pitch of the thread is to be determined by the formula 
for number of threads per inch. 

How many pounds of rough stock 2Y diameter must 
be ordered for the four models? 




Figure 101. 



Figure 102. 
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Working Drawings of Details 



When drawing the following problems the pupil should 
make as many views as f oimd necessary to adequately repre- 
sent the object and fulfill the requirements stated in the 
specifications. In some instances two views will be enough 
but some of the problems will require a third view and per- 
haps a sectional view in order to make a complete working 
drawing which must also be fully dimensioned. As many of 
these drawings represent cast pieces, and are planned to be 
used in the pattemmaking shop, the estimated weight of the 
rough casting should be given on the drawing. The problem 
states the kind of material to use in each case and this should 
be specified on the drawing. 

90. Paper File, Round Base, Figiure 102. Material cast 
brass. The lower base is 3^" diameter and the upper base 
is 2j" diameter. The thickness. is f", and the chamfer comes 
to a line |" above the lower base. The spindle is made of 
brass wire, // diameter, 5" long, extending into the base f*', 
and ground down for the point f " from the upper end. 

91. Paper File, Square Base, Figure 101, has practically 
the same dimensions as the round base, except that the 
bases are 2Y and 3|" square instead of round. 




Figure 103. 



Figure 104. 



92. V Block, Figure 103, is to be made of cast-iron and 
is to be 2"X3"X4" with grooves each having a 90° included 
angle. The grooves are J" and IJ" deep. Finish all over. 
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Figure 105. 



Figure 106. 



93. Surface Plate or Bench Block, Figure 104, is to be 
made of cast-iron and is to be 4"x6"Xli" with a groove 
which is a half -circle having a A" radius. Finish both bases. 

94. Lathe Center, Figure 105, is to be made of tool steel, 
with length overall of T and greatest diameter of IJ". The 
center end has an included angle of 60°, and the taper of hole 
in lathe spindle is Y per foot. The smallest end is turned 
straight for J" to a diameter A" less than the diameter of the 
piece at that end after the taper i§ turned. 

95. Tap ^Vrench, Figure 106, is to be made of machine 
steel. The overall length is. 5|": between the shoulders the 
length is lY, the center part is \^ across and f*' thick, and 
the round part is f '^ diameter. The diameter of the handle 
at the large end is ^^ and at the shoulders it is A"« 

96. Cast Iron Washer, Figure 107. The largest diam- 
eter is 5"; hole diameter, IJ"; thickness, 1^" with a shoulder 
^^ below upper base which is 2Y diameter. 




Figure 107. 
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Figure 108. 



Figure 109. 



97. Hand 'Wheel, Figxire 108, is to be made of cast- 
iron. Its greatest diameter is 8*^; diameter of rim is lA*'; 
hub, lY diameter, projects Y ^^.ch side of web, which is f*' 
thick with fillets having f '^ radius at hub and rim. Hand 
wheel is to be keyed to a |" shaft. 

Keys. In order to prevent pulleys, wheels, gears, etc., 
from turning on a shaft, rectangular pieces of steel are placed 
partly in the shaft and partly in the hub of the object on the 
shaft. These pieces are called keys ; the grooves into which 
they fit are called ke5nvays and usually run lengthwise of the 
shaft. The proportions for Keys are 

When d= diameter of shaft 

b— breadth of key= j 

t= thickness of key=^ 

98. Hand Wheel, Figure 109. The drawing for this 
hand wheel must be made one-half full size and a section of 
the wheel indicates that this wheel has four arms. The 
diameter at the center of the rim is 12^'' and a section through 
the rim is If diameter. A section through the arm on a line 
tangent to the hub is If'xf" and a parallel section at a point 
3f from the hub is Ifxl". Fillets are all Y radius. Hub 
is 2^^ diameter and measures f*' on one side and If" on the 
opposite side of a center-line drawn through arm and rim. 
The wheel is keyed on a shaft which is 1 J" diameter. 
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Figure 110. 

99. Clamping Plate, Figure 110, is to be made of 
cast-iron and its proportions are: 0=1"; b=l\''; 0=2^"; 

d-ii-; e-i-, f-i'; g-2r; h-W; j-i': k-¥: o-i": 

finish end of hub. 




Figure 111. 



100. Plain Face-Plate, Figure 111, is to be made' of 
cast-iron and finished all over. The flange is Sf diameter, 
I" thick; the hub projects IJ" and its diameter is 2^"; the 
hole is counterbored If diameter and J' deep; thread is 
If diameter and 7 pitch U. S. S. The face-end of thread is 
chamfered at 45° to center-line ; fillet in comer is J" radius 
and the back comer of flange is rounded to a tV" radius. 
The screw holes are j" diameter, countersunk to ii" diameter 
with 90° countersink. The center line circle of inner row of 
four holes is SJ' diameter, and of the outer row of six holes 
is 41" diameter. 
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Figure 112. 

101. Ribbed Face-Plate, Figure 112, is made of cast- 
iron. The greatest diameter is 6^" ; the hub is 2 J" diameter, 
and 1^" long through the hole. The hole is counterbored 
on back end 1^" diameter, Y deep; the thread is lY diam- 
eter and 8 pitch, U. S. S. The web is ^" thick and the rim 
at the back is ^"xi" thus making the outside of face-plate 
~" wide. The fillets in the comers are all Y radius. The 
four slots are f" wide and extend to within |" of the hub. 
The four ribs are ^" thick, extending to within Y of the end 
of the hub and tt" below the edge of the rim. The face, 
outside diameter, and end of hub are to be finished. 




Figure 113. 

102. Hand Nut, Figure 113. This is a clamping nut 
and the hub is a part of a 1|" sphere, faced giving two faces 
Y apart. The hole is tapped -h" diameter, 14 pitch, U. S. S. 
thread. The outer spheres are f" diameter and the overall 
dimension across the handle is 3J". The spokes are Y diam- 
eter. Material, cast-iron. 
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Figure 114. 



103. Plug and Ring Gauges, Figure 114; three sizes 
required ; material, tool steel, hardened, tempered and 
ground to size. Outside diameter of rings is 2Y', thickness 
equal to diameter of hole in each. Total length of plug is 
51"; handle is 3 J" long and i' less in diameter than gauge. 
The neck between handle and gauge is Y lo^ig a^^^d f ' less in 
diameter than gauge. Indicate knurling by drawing lines 
in opposite directions, Vs" apart at 30° to the center-line. 
Chancer knurled end at 45°. 




Figure 115. 



104. Guide Block, Figure 115, is to be made of cast- 
iron and its overall dimensions are 2J''X 10"X 18". The height 
of the guides and the depth of the grooves are each J^", the 
greatest width of each being f . The included angle of each 
is 60°. The rectangular groove in the top is ^"xi^". This 
drawing should be made to a "half size" scale. 
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m 

Figure 116. 

105. Nut Arbors, Figure 116. These are made of steel 
and the proportions are given in inches in the following 
table. The part a is to have U. S. S. thread. 

i=F; ^=0.; i+j=a; e=d; g^f; k= 



a 


b 


1 

C 


d 


• 


/ 


m 


i-13 


tt 


f 


.400 


Tfj 


tt 


3f 


Ml 


7 


M 


.500 


ii 


1 


4i 


1-10 


1 


§1 


.610 


1 


1 


4i 


J-9 


li 


1 


.720 


if 


1 


4i 


1-8 


li 


u 


.825 


1^ 


u 


5 



106. Collar Stud similar to collar screw shown in 
Plate XXXVI, but having a hexagonal head which measures 
IJ" across comers and from outside end of head to collar 
measures W. The collar is 1^^" diameter, ^V*^ thick and 
chamfered with a roimd nose tool having a Y radius, down 
to the comers on the head side. Under the head the body of 
the stud is I*' diameter for a length of 1//, the remaining 
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length is tiuned down to f " diameter and has a U. S. S. thread 
of the proper pitch. The overall length of the stud is 2x1'". 
Make neck at the shoulder, i^ wide, and wi" below depth of 
thread. 




Figure 117. 



d^/d 



107. Taper Stud, Figure 117, is threaded at a and b 
with U. S. S. threads of the proper pitch. The stud is necked 
down to the bottom of the threads at the shoulders. The 
taper is ^ to the foot. What is the diameter at the small end 
of the taper part?- 



The following table of weights of materials may be used 
in estimating the weights of castings, etc., called for in the 
problems. 



Metal 


Weight per 
Cubic Inch 


Weight per 
Cubic Foot 


Aluminum 

Brass, cast 

Bronze 

Copper 

Iron, cast 

Iron, wrought 

Lead 

Steel, cast 

Steel, rolled 

Tin 


.0924 

.3029 

.319 

.322 

.2604 

.277 

.41 

.28 

.2833 

.2634 


159.66 

523.41 

551 . 23 

556.41 

450. 

480. 13 

709.4 

481.2 

489.6 

455.08 
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Working Drawings for Spur Gear Wheels 

Note: — ^The drawing problems in this course concerning spur gear blanks, 
do not require knowledge of the theory of gear teeth which treats of the proper 
formation and shape of the tooth curves in regard to action, strength and 
wearing qualities of certain forms of teeth. Discussion on that important 
problem may be found in Notes for Mechanical Drawing and it will also 
be treated more completely in a second book of this series which is now in 
preparation, 

A Spur Gear ^A^leel is a toothed wheel with the teeth 
cut parallel with the axis of the wheel or cylinder. Spur 
gears are usually designated by the pitch of the teeth in the 
gear. For instance a gear may be called sl 10 pitch, 32 tooth 
gear, which means that the gear has 32 teeth cut in its cylin- 
drical surface by a cutter known as a 10 pitch cutter. A 
cylinder or wheel intended for a gear is called a gear blank 
before the teeth are cut. 



ifff ^^^^^ jryfc/^e^^4 





Figure 118. 



Figure 119. 



Consider two cylinders having perfectly smooth lateral 
surfaces placed in such a position that each may revolve on 
its own axis, and with the lateral surfaces parallel and 
touching each other imder pressure as in Figure 118. If 
one of these cylinders should be revolved about its axis, the 
friction between the two stirfaces would cause the other 
cylinder to revolve in the opposite direction, but very little 
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Figure 120. 



power would be transmitted from the driving cylinder to the 
other because of the slipping between the two surfaces. If 
equally spaced grooves should be cut in the lateral surfaces 
of the cylinders and a certain amount added on to the parts 
between the grooves thus making teeth as illustrated in 
Figure 119 the toothed cylinder would then be called a gear. 
The original cylinder in which the grooves are cut and the 
parts added upon is called the pitch cylinder. The circle 
representing the circumference of the pitch cylinder is called 
the pitch circle of the gear wheel. All calculations for the sizes 
of gear wheels and the shape of the gear tooth are based upon the 
size of the pitch circle and the number of teeth it contains. That 
part of the pitch cylinder cut away by the grooves is called 
the dedenda (to take away from, to deduct). That part 
added to the pitch cylinder between the grooves is called the 
addenda (added to), which taken together with that part 
between the grooves upon which it is placed, is called the 
tooth of a gear. The diameter of the pitch circle plus the 
addenda on opposite sides of the gear makes the outside 
diameter of the gear. The dedenda is equal to the addenda 
and there is also allowed one-eighth of the addenda for clear- 
ance at the bottom of the groove. The total depth of cut or 
height of tooth is equal to the addenda, plus the dedenda, 
plus the clearance. (Figure 120.) The distance between the 
centers of the teeth measured on the pitch circle is called the 
circular pitch. If the gear has a certain number of teeth 
cut in the circtmiference of its pitch circle based on 
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each inch of its pitch diameter, the pitch is called the 
diametral pitch. Should there be 10 teeth in the cireumfer- 
ence for each inch of diameter of the pitch circle the gear 
would be called a, 10 diametral pitch gear. When the size of 
a gear wheel is determined by diametral pitch, both the 
addendum and the dedendum are each equal to one pitch — 
part of an inch, or 1" divided by the diametral pitch. 

In a 10 diametral pitch gear, the addendum and deden- 
dtmi each are .10" to which is added a clearance of one-eighth 
of the addendum which is .0125" thus making the total depth 
of cut or the height of the tooth equal to the 

addendum {.W) +dedendum {.1(f) +clearance {.0125'') = .2125^ 

When calculations are based on the circular pitch of a gear, 
the addendum and dedendtmi are each equal to one-third of 
the circular pitch. 

The relation between the diametral pitch and the cir- 
cular pitch is the same as that between the diameter and 
circumference of a circle, therefore the circular pitch of a 10 
diametral pitch gear would be 1"^- 10x3.1416=. 31416". 

The thickness of tooth and the width of the space are 
equal when measured on the pitch circle. 

Drawing Problem 108. Make a working drawing for 
a 10 diametral pitch, 32 tooth gear blank which is 1" thick 
and having a hole diameter of IJ". (Figure 121.) 




«s 



Figure 121. 
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To find the outside diameter of a gear when the number of 
teeth and pitch are given it is first necessary to determine the 
pitch diameter to which must then be added the addendum 
on each side of the pitch circle, as indicated in Figure 119. 
To determine the pitch diameter for a diametral pitch gear, 
multiply the number of teeth by one inch and divide by the 
diametral pitch. When the calculations are based on the 
circular pitch, the number of teeth must be multiplied by 
the circtiiar pitch and this product divided by 3.1416. In 
diametral pitch, the number of teeth determines the ntmiber 
of pitch parts in the pitch diameter, and as two pitch parts 
must be added for the addenda, the outside diameter may 
be determined by the 

Formula: no. of teeth + 2x1" ^ j j- ^ r 

,: , r , = outside diameter of gear 

diametral pitch 

for the problem the calculation would be 
- — =3,1^'= outside diameter 

To find the pitch when the outside diameter and the number 
of teeth are given: add two to the ntimber of teeth and divide 
the outside diameter by this number. If the outside diam- 
eter of a gear wheel is 8.25" and the number of teeth is 64 
then according to the 

Formula: outside dia. ^ ^-^ 7 ^ ^ r itf 

r — 7 ^—1 pitch part of 1 
no. of teeth +2 ^ ^ J 

and 8.25'' =.12 ff': 1''^ .125"= 8 dia. pitch 

64+2 
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Figure 122. 



Figure 123. 



109. Gear Blank, Figure 122, is to have 60 teeth, 10 
diametral pitch. Face of gear is 1^ and rim is f " thick. Hub 
is If" diameter at the web, IJ" at the outer end, and 
projects I" from web which is Y thick with fillets of y^ 
radius. Gear is to be keyed to f" shaft. 

110. Gear Blank, Figure 123, is to have 80 teeth, 12 
diametral pitch. The web in this gear is to be at the 
center of the hub and rim and other dimensions are the same 
as in preceding problem with the exception of the rim which 
is to be Y thick, and outside diameter of gear. The hub pro- 
jects f" each side of web. There are six Ij" holes through 
the web, located in the center of the space between hub and 
rim. 

111. A Spoked Gear Wheel has 36 teeth and the depth 
of the cut between the teeth is W* What diametral pitch 
cutter is to be used in cutting the teeth and what is the 
outside diameter of the gear wheel? This gear is to have six 
arms, or spokes, and a section of a spoke on a line tangent to 
the hub, is If'xf". At a point 1^" from the outside circum- 
ference a section through the spoke is l^'^xV- The hub is 
Sf' diameter and the gear is to be keyed to a shaft, 2" diam- 
eter. The face of the wheel is to be If" and the rim is 1|" 
thick. The hub is 2f" long measured through the hole, and 
all fillets are Y radius. Make drawing to ''half size** scale. 
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Decimal Equivalents 
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